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~:he object of this stu.dy was to i!'lvestigate tile rec!;~nt 
developments in the use of precast prestressed concrete mem­
bers for bui.ldinga :in the Uni ted States and. Iran. 
In the United States, the study waB concerned with dev-
clopmE;~nts in the usage of members such as slabs s wall pa..'1els, 
beciJ!ls find coluUl..'Vls. T.ae latest technical anci engineering re .... 
ports t along with personal intzrv:i.ews, were used, and. a num­
ber of case stu.dies were conc"l).cted on recnntly buil t stnlct­
ures~ 
~ 
The author also studied the newest dev~lopments in the 
precast concrete indu.stry in i1.'an. A ,,{,uet:rtionaire was for­
mulated in both. Persian (native language of Iran) and Eng­
lish, and was sent to twelve of the largest precast concrete 
manufacturers in Iran. This study was extended to include 
tha use of precast concrete members in alleviating Irants 
housing shortage, which is one of the greatest problems 
facing the country today. 
:F1rom these studies the following observations have 
been made with respect to the United States: 
1) There 1.8 a vast variety of precast concrete units 
Idesigned and manUfEtctured in the country. 
2) The majority of precast concrete units in buildings 
are assembled by tlosing simple connections. 
3) 'There has been grep...t improvement in the qualitj of 
sealant materials. 
4) In the case studies conducted, it was evident that 
proper planning in design, production, transportation and 
erection of members were the major reasons in lowering the 
cost of precast concrete structures as compared to cast-in­
place structures. 
5) The rapid increase in the use of precast concrete 
members is due to repetition of similar members, increase 
in strength and serviceabj.li ty by prestressing, rapid con­
struction, better quality control, improvement in handling 
and fire resistance qualiti.es. 
Ln the case of Iran, the follov{ing observati ons have 
been made: 
1) The use of precast concrete members has increased 
rapidly in the last deca.de. 
2) Precast concrete construction, with proper sheer 
design, appears suitable in areas where there is stronger 
and more frequent earthquake occur~ence. 
3) Precast concrete members are considered to be suit­
able for low-cost housing projects because of the availabil­
ity of cement and steel reinforcement, an inadequate supply 
of wood and also becG.use of the advantages of precast con­
crete mentioned above. 
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CHAPTER I 
INTRODUCTION 
1.1 GENERAL 
The use of precast concrete members is not a recent 
development in the United States. Limited use of precast 
members (wall panels) started prior to 1912, when units 
were cast at the job site, and lifted into place. 6 Similar 
methods were used for several housing developments and 
buildings of various occupancies built between 1912 and 
1940. 6 
The more rapid increase of the use of precast concrete 
load bearing units for building started. after 1955. This 
rapid increase was mainly due to the realization of the ad­
vantages of precast concrete members by architects and 
structural engineers. The growth in use and variety of pre­
cast concrete members for building has been so spectacular 
in recent years that it has overshadowed much of the earlier 
work. 
This tremendous increase in recent years is due to the 
advantages of constructing parts of a structure, or sometimes 
the entire structure with precast members. This is mostly 
because of the repetition of similar members, which makes it 
more economical to precast. Other reasons are rapid con-
w 
2 
struction due to assembling the precast members, and de­
creasing the labor cost compared to cast-in-place con­
struction. 
In addition to the advantages given above, precast 
concrete members have the following advantages: 
1) less. risk of the reinforcement being displaced; 
2) better finish: 
3) constr~ction not interrupted by adverse weather 
conditions. 
The main disadvantages of precast concrete members 
are: 
1) handling and transpo.rtation costs; 
2) d8~age from repeated handling; 
3) jointing. 
It should be clear that precast concrete members are 
built because they are more economical to construct; cer­
tainly not because they are easier to design.7 They are 
also built when there is Wl architectural requirement for 
precise and complex formed surfaces. In general, precast 
buildings can be made more economically only when advantage 
is taken of the smooth and precise surfaces obtainable in 
factory production,7 These may be exposed and need not be 
hidden behind plaster, thus leading the architect to full 
expression of the structure. 
In the production of precast concrete members, max­
imum economy can be achieved in the selection by utilizi.ng 
section and details that permit efficient production such as: 
3 
1) use of available standard sectioIls; 
2) for slabs, use of repetitive types of member rein­
forcement details, strand patterns in the case of 
prestressing, embedded plate details, plate an­
chorages, inserts and concrete strength; 
3) minimizing the number of special slabs with open­
ings or blockouts. 
In production of precast concrete members, maximum 
size is governed by: 
1) weight in relation to method of lifting; 
2) length of transporter; 
3} restriction of site; 
4) access to site. 
Other important points to consider in the construction 
of precast concrete members are connection and joints. In 
designing adequate connections and ,joints, the following 
should be considered: 
1) capability of transferring stresses; 
2) geometric accuracy; 
3) water proofing where necessary. 
Special attention should be given to the connection 
design of precast concrete members in order to obtain floor 
and roof diaphragm action. Joints must take shear in both 
horizontal (diaphragm action) and vertical (distribution of 
concentrated vertical loa~ directions. Connection should 
maintain its strength while preventing rotation of the member 
about its own axis. 
4 
Generally, simple span construction is more economical 
for precast concrete members because of connection, pro­
duction and construction simplicity. Unless analysis indi­
cates otherwise, the framing system should utilize only the 
number of rigid frames required to resist the lateral loads, 
and the rest of the building then can consist,of simple 
spans. 
5 
1.2 OBJECTS AND SCOPE OF STUDY 
The object of this study was to investigate the recent 
developments in the use of precast concrete members for 
buildings in the United States and Iran. 
In the United States, the study was concerned. wi th 
developments in the usage of members such as slabs, wall pan­
els, beams and columns. The latest teclmical and engineering 
reports, along with personal interviews were used. In Chap­
ter 2, design and ~lalysis of both ordinary reinforced con­
crete and prestressed concrete are discussed. Chapter 3 is 
devoted to recent developments in this field. A number of 
case studies were conducted on recently built structures. 
These structures were predominantly built with precast con­
crete members. These studies show the manner in which mem­
bers are assembled to create unique buildings. 
The author also studied the newest developments in the 
precast concrete industry in Iran. A questionnaire was for­
mulated in both Persian (native language of Iran) and Eng­
lish, which was sent to six of the largest precast concrete 
manufacturers in Iran. This study is discussed in Chapter 4. 
The study of precast concrete members in J:ran was extended to 
include their use in alleviating Iran's housing shortage t 
which is one of the greatest problems facing the country to­
day. This study includes the availability of concrete and 
6 
steel reinforcement in the country. Also, climate variation 
and e~rthquake occurrence in various population areas are 
discussed. Chapter 5 is devoted to the conclusions of these 
two studies. 
CHAPTER II 
ORDINARY AND PRESTRESSED CONCRETE 
2. 1 lNTRODUCTION 
Since all precast concrete uni ts i.ll buildings are 
either ordinary or prestressed, or both, in this chapter 
the general principles of design and analysis of both or­
dinary and prestressed concrete will be presented. 
This chapter inpludes information on materials and 
code specifications for reinforced concrete. Design and 
analysis of reinforced. concrete for both flexure and com~ 
pression members are discussed. The strength and service­
ability of the members are conSidered, referring to the ACI 
318-71 Code2 requirements. 
Further, this chapter includes information relating to 
design and analysiS of prestressed concrete, and a dis­
cussion of prestressing steel and anchorage systems. 
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2.2 ORDINARY REINFORCED CONCRETE 
2.2.1 Materials and Specifications 
A. Concrete. Concrete consists of aggregate and 
paste, which is made of Portland Cement and water. Cement 
and water fill the voids in the aggregate, and after it 
hardens, it creates a strong bond and becomes a solid 
structural material, which is the most commonly used mat­
erial in the world. 
Range 	 in propo~tioning of materials in concrete is 
'F' . 2 1 16sh own ~n 19. •• 
The American Society for Testing and Materials (ASTM) 
specifies five types of Portland Cement, which are as fol­
lows: Type I, which is the most common ceme~1.t used in gen­
eral ordinary construction; Type II, which is used in con­
struction where moderate sulfate problems exist; Type III, 
which provides high early strength within a short period of 
time such as a week or less; Type IV, which is used where 
the amount of heat generated should be minimized; and Type 
V, which is used when severe sulfate problems exist. 16 
B. Compressive, Tensile and Shear Strength. Com­
pressive strength of concrete can be obtained up to 10,000 
Psi or more, but commercial production for general use is 
10
usually between 2,500 to 6,000 Psi. Specified compressive 
t 
strength of concrete fc is based on at least 30 consecutive 
9 
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strength tests as specified by the ACI 318-71 Code. 2 It 
also gives values of specified compressive strength of con­
crete as related to water-cement ratio, which is when the 
strength date or field experience is not available. Value 
I 
of fc ranges from 2,500 Psi to 5,000 Psi corresponding to 
the maximum permissible water-cement ratio of 0.65 to 0.31 
(absolute ratio by weight) or 7.3 to 345 (.U.S. gal. per 94 
lb. bag of cement). 
The tensile strength of concrete is more difficult to 
measure, and from specimen to specimen it varies more than 
the compressive strength. The tensile strength is about 
10% to 15% of the compressive strength, occasionally 20%. 10 
Typical stress-strain curves for concrete cylinders 
on ini tial loading are ShOWL. in Fig. 2. 2. 10 It can be ob­
served from the curves that strain occuring near maximum 
stress is nearly the same for all strength of concrete, and 
this value is around 0.002 in./in. 
One other important property of concrete is the mod­
ulus of elasticity, which is the slope of the stress-strain 
curve. The modulus of elasticity Ee' for the concrete as 
given in ACI 318-71 Code 2 is as follows: for weight of 
concrete between 90 lb. ~d 155 lb. per cu. ft., 
Ec=w1.533~ and for normal weight concrete (145 p~f), 
Ec=57,000Vf~, where w is the unit weight of concrete in 
16 lb. per eu. ft. 
c. Creep and Shrinkage of Concrete. Increase of de­
formation with time is called creep. Variation of defor­
11 
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mation with respect to time is shown in Fig. 2.3. 10 It can 
be seen from the curve that the initial strain in concrete 
on first loading at low unit stress is nearly elastic, but 
strain increases with respect to time under the constant 
applied load. Factors which increase creep are; loading 
at an early age, exposing -the concrete to dry~ng conditions, 
and using concrete with a high water-cement ratio. 10 
Shrinkage of concrete is due to loss of moisture by 
evaporation. Shrinkage of concrete is mostly differential 
shrinkage, since moisture losses are not uniform throughout 
the concrete. A method of expressing shrinkage is by using 
the shrinkage coefficient, which is the shortening per unit 
length. This coefficient has values between 0.0002 to 
0.0006. 10 
D. Reinforcing St¥~l. Reinforcing bars are made of 
.steel in many grades. In order to create the bond between 
bars and concre·te, projections are used which are rolled on 
the surface of the bars. All standard bars are round and 
designated by size as #2 to #11. The designated number cor­
responds roughly to the bar diameter with an eighth of an 
inch (#2 bar is plain bar). Later additions to the bar list 
are #14S and #185. The yield strength of steel varies from 
40 to 75 Ksi, which corresponds to ultimate strength of 70 
to 100 Ksi for different types of steel. 10 The modulus of 
elastiCity of steel reinforcement can be assumed as 
29,000,000 Psi. 
Another type of reinforcement in reinforced concrete is 
·~1~-',., • 
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welded wire fabric, which is mostly used in slabs and pave­
ments. This fabrio is made of cold-dra~n wires running in 
two direction~, and welded together at intersections. 
2.2.2 Reinforced Concrete Analysis 
A. General. In order to present the general concepts 
in the analysis of reinforced concrete members, it is nec­
essary to divide the members into two categories; the first,. 
flexure members, and the second, compression members. The 
flexure members in buildings are beams and slabs, in which 
the bending moment is the controlling factor in design or 
analysis of the member. Compression members are columns and 
bearing walls, in which the axial forces are the controlling 
factors in design 
\ 
or. analysis of the member. It should be 
borne in mind that in the design of all practical coluw1s, 
both axial load and moment exist, making the design more 
complicated. 
Working stress design (WSD) and ultimate strength des­
ign (USD) are the two general methods used in design and an­
a1ysi9 of reinforced concrete members. The working stress 
design is based on the theory that Hook's law holds both 
for concrete and steel, that is, both materials are elastic 
and have unit stresses directly proportional to unit strains. 
The transformed area concept is hE:lpful in analysis using 
WSD. This concept Qons~itutes the replacement of the area 
of steel by nAs ' where n = Es/Ec. 
The ultimate strength deSign, however, results in a 
15 
more uniform factor of safety, greater economy of materials 
and a more consistent and less empiric&l design procedure. 
Provisions for design using USD are described in detail in 
the ACI 318-71 Code2, which generally employs more recent 
information on the behavior of reinforced concrete members. 
B. Flexure Members~ In the analysis of reinforced con­
crete flexure members, the concept of the resisting couple 
is used. Equilibrium holds that external bending moment on 
any beam must be resisted by internal tension and com­
pression stresses. The tension stresses are generally 
carried by steel reinforcement and compression stresses by 
concrete, Resisting couples are used in both methods of 
working stress design and ultimate strength design. 
The ACI 318-71 Code2 allows the following close 
assumptions in using WSD; a pla.ne section before bending 
remains plane after bending; the stress-strain relationship 
for concrete is a straight line ·I.1Ilder service loads wi thin 
the allowable worlting stresses; the steel takes all of the 
tensions. For members so designed, all allowable stresses 
•for concrete and steel are specified as 0.45 fc and 20 Ksi 
(for -grades 40 and 50). 
In designing the flex~~e members by ultimate strength 
design, the design is based on the 'stress distribution when 
the beam actually fails under overload. For simplification 
in analysis or design, the compressive stress distribution, 
which is usually a parabolic distribution, is replaced by 
an equivalent rectangular stress of intensity 0.85 fct and 
16 
depth of a=0c, as shown in Fig. 2.4. 10 The value of c is 
, 
the distrulce from the neutral axis to extreme fiber, and 
the value of /.1 is in the order of 0.85. 2 
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Stress Block. 
In the flexure members, aside f:{'om moment, shear 
stress must also be investigated. The nominal shear stress 
is defined as Vu = Vu/~bwd, where ~ = 0.85. In the ACI 3'8­
71 Code2 , permissible shear stress carried by the concrete, 
vo ' shall not exceed 2Vf~. When the concrete is unable to 
carry the applied shear, shear reinforcement is required. 
'When shear reinforcement, which is commonly perpendicular to 
the longitudinal axis: is used, the required area of shear 
reinforcement can be obtained by ~ = (Vu - Vc)bwS/f •y 
The ACI 318-71 Code 2 requires that torsion effects be 
included whenever torsiona.l stresses exceed the 1.5Vf~. Det­
ailed formulas for computing the torsional .stresses and des­
ign are expressed in the ACI 318-71 Code. 2 
,
ai' 
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c. Compression Members. Compression members in build­
ings are columns and walls, in which the axial forces are 
often- the controlling. factors in design. Years ago, rein­
fDrced concrete columns an.a. walls were generally designed 
as axially loaded, with no provisions for eccentricity of 
loading or length effects. To make the practice safe, ex­
tremely high factors of safety were used. 10 
When USD was introduced iilto the Code in 1956, it in­
cluded a mandatory design for at least a minimum eccen­
tricity of O.05t on spiral columns. Due to eccentricity con­
sideration, much lower safety factors were permitted in des­
ign. In the ACI 318-71 Code2, tIle requirements are: the 
minimum eccentricity of 1,0 in., or O.5h for spirally rein­
forced columns, and O.010h for tied compression members. 
Slenderness effects (length-effects) must also be included.'') 
In the case of a wa.ll, if the resultant of the load forces 
falls within the middle ~hird of its thickness, the wall may 
be designed by the empirical formula in Section 14.2, ACI 
318-71 Code. 2 Otherwise, the eccentricity must be considered. 
For precast concrete members, th.e minl.mum design eccentricity 
may be reduced to 0.6 in., provided the manufacturing and 
erection tolerances are limited to one-third of the minimum 
design eccentricity.2 This can be considered as an advantage 
of precast concrete members over cast-in-place members. 
The general concepts in the design of compression 
members, as for flexure members, are based on the resisting 
internal forces. The external loads which are axial forces 
I ,~ 
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and moments are resisted by internal tension and compression 
stresses. The tension forces are carried by steel rein­
forcement, and compression forces are carried by both steel 
and concrete (similar to beams with compression steel). 
2.2.3 Strength and S~rviceabilitl 
A. Strength. stru.ctural members should be designed to 
have enough strength to resist the anticipated loads. Also, 
it is necessary to check the members for deflection and 
cracking to determine whether they are within tolerable 
limits at service loads. This is generally done after the 
safety of the member, or floor system, is determined by 
strength design.8 
The margin of safety if.'; provided in two ways. First, 
the applied loads are multiplied by load factors to provide 
for excess load effects from such possible sources as over­
loads and simplified assumption in structural analysis. ACI 
318-71 Code2 requires that the actual or specified dead, 
live, wind, earthquake and other loads be increased by an 
appropriate load factor. The design strength at each sec­
tion must be equal to or greater than the effects of these 
load combinations: 2 
U = 1.4D + 1.7L 
U = O.75(1.4D + 1.7L + 1.7W)
U = O.9D + 1.3W 
where D, Land Ware specified dead, live and wind loads. 
If resistance to earthquake loads or forces E must be in-
eluded in the desi.gIl, 1.1E shall be substituted for W in the 
19 
above load considerations. 
Secondly, the theoretical capacity of the str~ctural 
element is reduced by a capacity reduction factor. This 
factor provides for the possibili-cy of small advers~ var­
iations in material strengths, workmanship and dimensions. 
While individually these variations may be within limits of 
'good practice, they may combine to result in under-capacity~ 
The ACI 318-71 Code2 prescribes the following -factors: 
0.90 for flexural members; 0.85 for bond, diagonal tension 
and anchorage; 0.70 for tied columns; and 0.75 for spiral 
columns. 
B. Serviceability. It is necessary to check both 
deflection and cracking at service load levels, once the 
safety of the member or floor system is determined by 
strength design. Deflections must be computed and compared 
to allowable limits for particular loading combinations when 
the thickness used is less than the minimum value given in 
Table 9.5 in the ACI 418-71 Code. 2 
To control crack widths, flex'aral reinforcement must be 
well distributed in the zones of maximum concrete tension. 
The final crack widths after a period of time depend on the 
magnitude of (1) flexural 'cracking, (2) shrinkage, (3) creep, 
8
and (4) temperature movements. 
ACI Code2 sets limitations on strellgth of reinforcement 
used in design. It suggests that design shall not have a 
yield strength fy in excess of 80,000 Psi, except for pre­
stressil1g tendons. When the yield strength fy for tension 
11 
20 
. 
reinforcement exceeds 40,000 PSi, the ACI Code' 
~ 
suggests 
that the cross-sections of positive ~~d negative moment be 
proportioned such that the quantity of Z given by Z=f 3 dcAs 
does not exceed 175 Kips per in. for interior exposure, and 
145 Kips per in. for exterior exposure. Stress in rein­
forcement at service load may be taken as 60 percent of 
2
specified yield strength f •y 
2.2.4 Details of Reinforcement 
A. General. Over the years, a standard practice for 
reinforced concrete details was gradually developed. Since 
the 1956 Code, ACI Committee 318 has collected reports of 
various research and practice with high yield strength 
steels. 2 The results of all these studies are described 
extensively in the new Code by ACI Committee 318. 2 In this 
section, however, important points concerning details of 
reinforcement in precast concrete members are discussed. 
These details concern corbels, column face plates, precast 
beam bearings, and anchorage and hooks, which are mostly 
used in assembling the precast concrete members. 
B. Corbels and Brackets. Because brackets and corbels 
are relatively small members, details of bond, anchorage and 
bearing are very important. ACI 318-71 Code, Article 11.143, 
provides tIte following rules, whi~h are derived from exper­
ience and test results. 
1) The tension reinforcement should be anchored 
as close to the outer force as cover requirements 
permit. Welding the main bars to spiral devices 
such as cross bars equal in size to the main bar 
t I 
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is one method of accomplishing this end. 
2) The depth of a corbel measured at the outer 
edge of the bearing area should not be less than 
one-half of the required total depth of the corbel. 
3) The outer edge of the bearing area should not 
be closer than 2 in. to the outer edge of the cor­
bel. 
4) ~nen corbels are designed to resist horizontal 
forces, the bearing plate should be welded to the 
tension reinforcement. 
To transfer shear force Vu from beam to the column, the 
shear stress should be checked at the interface between the 
corbel and the column (shear plane).3 Tension reinforcement, 
As' should be provided to resist the moment produced by Vu 
at the face of the support and to resist the tensile force, 
N ' created due to the friction forces between beam and cor­u 
bel, as shown in Fig. 2.5. 3 
The required area of reinforcement is ~f=Vu!(Pfyji ~ 
The designed yield strength fy shall not exceed 60,000 Psi. 
Also, the coefficient of friction,;u, varies from 1.4 to 0.7 
for various times of casting the concrete, 
~ Column Face Plate and Precast Beam Bearing. For 
col~ face plates, headed studs are used in order to func­
tion as shear-friction steel. The studs should be firmly 
anchored into the confined core of the column. F'ig. 2.6 
~hows the elevation view of colUt"Un face plate. 3 
For precast beam bearing, bars are welded to the angle 
cast in beam in order to prevent cracking as shown in Fig. 
2.7. 3 
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Figure 2.7. Precast Beam Bearing. (From Ref. 3) 
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The Auf for both column face plate and precast beam 
bearing can be calculated from Auf = Vu/<\> fy.lL. 3 
D. Anchorage.. Development length or anchorage is nec­
essary on both sides of a point where yielding must be devel­
oped. Anchorage consideration is very important in precast 
concrete members, since these members are often designed as 
simply supported, and should be anchored and connected to 
each other in order to transfer the stresses from member to 
member. The ACI Code requirement for positive moment rein­
forcement must be small enough so that computed development 
length of the bar ld does not exceed Mt/Vu + La or 1.3 Mt/V •u 
The 1.3 factor is usuable only if the reaction confines the 
ends of the reinforcement; and Mt is the theoretical strength 
of the cross-section. For fy less than 60 Ksi value of ld 
for deformed bars is given in ACI Code2 by 0.4Abfy/yf~. The 
ACI Code2 gives ld to be used at points of inflection limited 
to the beam depth,d, or 12 bar diameter (12db ), whichever is 
greater. Fig. 2.8 shows the reinforcement development for 
simply supported beams as requi.red by ACI 318-71 Code. 3 
For negative moment reinforcement, Illig. 2.9 illustrates 
two methods of satisfying requirements for anchorage of ten­
sion bars beyond the face of supporto 3 The anchorage rein­
forcement is also usuable in brackets as shown in Fig. 2.10. 
Tie anchorages are called hooks, which are bent into a 
90 degree turn plus an extension of at least ~2 bar diameters 
at the free end of the bar. 8 The minimum tension embedment 
of the standard end hooks is given in Reference 8. 
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2.3 PRESTRESSED CONCRETE 
2.3.1 Materials and Specification~ 
A. Concrete. Concrete used in prestressed members is 
usually stronger than that used in ordinary reinforced con­
crete. In the United States, concrete with a strength of 
4,000 to 5,000 Psi is generally used [01'" prestressed con­
14crete. Higher strength is used for several reasons. Com­
mercial anchorages for prestressing steel are always de­
signed on the basis of high-strength concrete, since weaker 
concrete either will require special anchorages or may fail 
under the application of prestress. FurthE;r, the high 
strength concrete offers higher resistance in tension and 
shear, as well as in bond- and bearing, which are effectively 
utilized in prestressed concrete members. 14 Also, high 
strength concrete is less liable to the shrinkage cra.cks 
which sometimes occur in low-strength concrete before the 
prestressing. It also causes a smaller loss of prestress in 
the steel. 14 
In order to obtain ooncrete with a strength of 5,000 
PSi, it is necessary to use a water-cement ratio of not more 
than,0.45 by weight. For fast placing of concrete, a slump 
of 2 in. to 4 in. would be needed, unless more than ordinary 
vibration is to be applied. To obtain a 3 in. slump with a 
water-cement ratio of 0.45 would require about 8 bags of 
ill 
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cement per cu. yd. of concrete. Typical stress-strain 
14 
curve for 5,000 Psi concrete is shown in Fig. 2.11. 
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Figure 2.11. Typical Stress-Strain Curve for 5,000 
Psi Concrete. (From Ref. 14) 
Light weight concrete is becoming more widely used in 
prestressed concrete.'4 The main reason is to reduce the 
weight of the structure, so savings in cOllcrete and steel 
can be realized. This is especially important when the 
dead load is the major portion of the load on the structure. 
Also, weight reduction is desirable in transportation and 
erection of precast members. The unit weight of light weight 
concrete varies between 90 to 110 P~f.14 
There is a special kind of concrete called self­
stressing concrete. This concrete is ma.de of a special type 
of cement that expands chemically after setting and during 
hardening. When these cements are used to make concrete with 
. embedded steel, the steel is elongated by the expansion of 
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concrete. Therefore, the steel is prestressed in tension, 
which creates compressive prestressing or self-stressed con­
14
concrete. 
B. Steel for Prestressing. The most generally used 
material for producing prestress is high-tensile steel, 
which supplies the tensile force in prestress~d concrete. 14 
There are several methods of production of high-tensile 
steel, such as: alloying by carbons, or quenching or tem­
pering; and cold-drawing of steel bars through a series of 
dyes. 14 High-tensile steel for prestressing usually takes 
one of the following three forms. 
1) Steel Wires - vYires for prestressing are again used 
to-produce the prescribed mechanical properties. 14 
The tensile strength and minimum yield strength 
(measured by the 2.0% total-elongation method) are shown in 
Table 11.1 for the common sizes. 14 
TABLE 11.1 
TENSILE AND YIELD STRENGTH POR 
PRESTHESSING WIRES 
(FROM REF. 1 4 ) 
Nom. Diem. Area Min. Tensile Min. yield 
. in. Remarks Sq. In. Strength, Psi point, Psi 
O. 192 Gage No.6 0.02895 250,000 200,000 
0.196 5 nun 0.03017 250,000 200,000 
0.250 .1.­4 ~n. 0 .. 04909 240,000 192,000 
0.276 7mm 0.05983 235,000 188,000 
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A typical stress-strain curve for wires and bars is 
shown in Fig. 2.12. A constant modulus of elasticity exists 
only for a limited range (up to about 80,000 Psi) with a 
value between 25,000,000 and 28,000,000 Psi. 14 
Two of the most common methods of post-tensioning sys­
tems are Freyssinet and Magnel, the anchorages of which are 
manufactured for 5-mm and 7-mm wires. Such wires still 
possess high strength, and there are fewer Units to handle. 
Therefore, they have become popular and almost monopolize 
the post-tensioning field. 14 
The Freyssinet system is a post-tensioning system with 
wires of 0.196 in. ~~d 0.276 in. in diameter. The cables' 
consist of 12 and 18 wires of 0.196 in. in diameter and 12 
wires of 0.276 in. in diameter, with an ultimate strength 
of 90, 108 and 136 Ksi. Maximum tensile load is 807~ of the 
ultimate, and maximum design load is 60% of the ultimate. 
For more details concerning anchorage dimensions and assem­
bled views, Reference 14 is suggested. 
The Magnel system is a post-tensioning system which 
uses rectangular s&~dwich plates of steel which have tapered 
notches to receive the wedges. Wires of 0.196 in. and 0.276 
in. in diameter are used, with bearing plates that are cap­
able of holding 2, 4, 6 or 8 wires. The number of wires for 
the Magnel cable varies from 2 to 64 per cable for both sizes 
of wires. A typical Magnel cable of twenty-four 0.196 in. 
wires consists of 6 layers with 4 wires per layer, which is 
the most commonly used. 
30 
300 
.,-t 
m 
~ 
.. 
CI) 

CI) 

tV 	 200H 
.p 
fJ) 
0> 
..-t 
'M 
m 
s:: 	 100 Q) 
8 
-f-:I 
.,-t 
~ 
0.01 	 0.03 0.05 
Unit Strain, in./in. 
F'igure 2. 12. Typical Stress-Strain Curve for Pre­
stressing S·teels. (F'rom Ref. 14) 
31 
2) Steel Strand - Strands for prestressing generally 
conform to AS~"M Specification A-416~ 14 This specification 
is used for both pre-tensioned and post-tensioned. con­
struction, whether bonded or unbonded. 14 
Seven wire strands, which are generally used for pre­
stressing, conform to the ASTM Specification A-416, and 
have a guaranteed minimum ultimat.e strength of 250,000 
. 14 
s~.P 
3) Steel Bars - ASTM Specifications A-322 and A-29 
are often applied to high strength alloy steel bars. Ulti­
mate strength of steel bars often reaches 160,000 Psi, and 
the specified minimum strength is generally. set at 145,000 
Psi. 
There are also new prestressing tendons called fiber­
glass tendons, which are made by drawing fluid glass into 
fine filaments. Although fiberglass tendons have not yet 
been commercially used in prestressed concrete construction, 
they do, however, have certain superior qualities such as 
ultimate tensile strength of 1,000,000 Psi. 14 
2.3.2 Design Concepts 
There are many concepts that may be app~ied to explain 
and analyze the basic behavior of prestressed concrete. One 
of the simplest concepts is to consider prestressed concrete 
as a combination of steel and concrete similar to ordinary 
reinforced concrete. Steel supplies a tensile force, and 
concrete a compressive force, thus forming a couple as 
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shown in Fig. 2.13. 14 
Another concept is to consider prestressing to trans­
form concrete into an elastic material. When concrete, 
which is weak in tension, is compressed by steel under high 
tension, it is able to withstand tensile stresses. Since 
prestressed concrete can carry tensile stresses, it can be 
said that it is an elastic material such as steel. 
To clarify the latter concept, consider a simple 
rectangular beam prestressed by an eccentric (does not pass 
through its centroid) tendon, and loaded by external loads. 
The stresses which exist are as follows. Due to prestress 
force F, there is a uniform stress f = !. Due to M, which 
is the external moment due to the applied load and the 
weight of the beam, there is a stress f =~l. Due to eccen­
tric prestressing, there is moment equal to Fe, and the 
t -· t· f' ~ 14­s t ress due t 0 a~s momen 1.9 - I ,. 
The resulting stress distribution is given by 
F FiY & d' , . 2 14"[j\'f = A ± :f; I ' an l.6 snown l.fl J:~g. .. • 
Another concept of prestressed concrete is the load 
balancing concept. This is to consider prestressing as an 
attempt to balance the loads on a member. Reference 14 in­
cludes a broad discussion of the load balancing concept, 
and its us€ in arlal:rsis and design. 
2.3.3 Strength and Serviceability Cons~deration 
A. General. In the design of prestressed concrete 
members, the design investigation sho~d include all load 
_____ 
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stages that may be significant. 14 The following are the 
major stages. 
1) Initial Stage - At this stage, the member is 
under prestress, but is not subjected to any superimposed 
external load. This stage can be further subdivided into 
the following stages: before prestressing, during pre­
stressing and at transfer of pres.tress. 
2) Intermediate Stage - This is the stage during 
transportation and erection of members. It occurs only for 
precast members~ 
3) Final Stage - This is the stage when the actual 
working loads act on the member. In this stage, it is often 
necessary to investigate the members for cracking and ulti­
mate loads. Also, they must be checked for their behavior 
under the actual sustained load in addition to the working 
load. 
For example, a beam could be prestressed along its 
longi tudinal axis in such a manner tha:t it will support the 
specified loads without large deflections r but the strength 
could be below adequate safety requirements. Similarly, a 
design based on strength alone may provide unsatisfactory 
behavior at service loads due to excessive camber of de­
flection. This means that actual design should be based on 
strength, using load factors and strength reduction factors. 
Then, an investigation at service load levels is necessary 
to determine the approximate stresses at service loads. Flor 
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beams without axial loads, the ACI 318-71 Article 18.22 
recommends the classical straight line theory. For sec­
tions with axial load, a general analysis considering the 
stress-strain diagram for prestressing steel is mostly 
recommended. 
B. Strength. Similar to ordinary reinforced con­
crete, prestressed concrete members must m'eet the strength 
requirements. Desi~l shall be based on strength and on 
behavior at service conditions at all load stages that may 
be critical during the life of the member or the whole 
structure. The margin of safety for prestressed concrete, 
as for ordinary concrete, is provided in two ways: load 
factors and capacity reduction factor ¢ .. 14 
2. Serviceability. Prestressed concrete design is 
more suitable for structures of long spans and those which 
will carry heavy loads. This is generally due to higher 
strengths of materials used. Prestressed concrete members 
are more slender. They are more adaptable to artistic 
treatment and give more clearance. 
As for ordinary concrete, deflection must be computed 
and compared to allowable limits for particular loading. 
Immediate and long-time deflection must be considered. ACI 
Code Article 9.5~2.42 specifies deflection as a fraction of 
span for different types of members. 
2.3.4 Prestressing Systems 
The,re is a large number of patents for prestressing 
ji'Ii ~ 
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systems in'the United States. 8 The majority of the patents 
are based on the following two operational details: first, 
the method of applying the prestress; and secondly, the de­
tails of end anchorages~ The success of each system gener­
ally depends on its economy and convenience. 
There are two general methods of ~tress±ng the mem­
i 
bers. The first is pre-tensioning. Toipre-tension the 
member is to pull the tendons between tYio bulkheads an­
chored against the ends of a stressing bed. After the con­
crete hardens, the tendons are cut from the bulkheads in 
order to transform the prestress to the concrete. 
The second method of prestressing the members is by 
post-tensioning, which is to pull the steel against the 
hardened concrete. There are three major meti~ods of post-
tensioning: first, mechrulical prestressing by means of 
using jacks, which is mostly used; secondly, electrical 
prestressing by application of heat; and, third, chemical 
8prestressing by means of expanding cement. 
~ 
CHAPTER III 
DEVELOP:fJiENTS IN 'lIHE USE OF PRECAST 

CONCRETE UNITS FOR BUILDINGS 

IN THE U:~ITED STATES 

3.1 INTRODUCTION 
Between 1960 and the year 2000, it will be necessary 
to build more str~ctures in the United States than have been 
built from the time the Pilgrims arrived until 1960. 18 
According to the U. S. Government figures, by the year 2000, 
some 80% of all Americans (more than today's entire pop­
ulation) will be city dwellers. Accordingly, the number 
of structures also must increase in the same order. 
Precast concrete units are playing an important role 
in such construction. Advantages of precast concrete con­
structiol1 include: availability of materials; rapid con­
struction w:i.thout delays due to inclement weather; earlier 
occupancy with savings on interest for construction loans; 
supe~ior fire resistance with additional savings on insur­
ance premiums; repreated use of identically designed 
structural components with evident advantages for the con­
tractor as well as the designer; and flexible design oppor­
tunities. 
Since most structural concrete members are pre­
stressed, they can be designed for longer spans for areas 
c_ 
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unhampered by columns. An additional advantage of precast 
concrete construction is the early creation of a working 
deck without the necessity of scaffolding. These members 
also may be finished rapidly with less expense, merely by 
painting or tnrough direct application of plaster, without 
the use of forms or dropped ceilings. 
Precast concrete floor systems can be adapted or de­
signed to include an integrated utility system. The floor 
units can serve as casing for plumbing, heating and ven­
tilation, and electrical and telephone utilities, thus pro­
viding additional flexibility of design. 
Developed methods in design and analysis of precast 
concrete members for both flexure and compression members 
are presented in Section 3.2. Connection designs are de­
scribed in order of their importance in detail in Section 
3.3. Section 3.4 is devoted to sealant materials and joint 
details. Fire resistance of precast concrete members is 
described in Section 3.5. In Section 3.6, three case 
studies on recently built structures using precast concrete 
units are discussed. 
IiIIiooI 
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3.2 PRECAST CONCRETE UNITS 
3.2.1 Beams 
Beams are designed and manufactured in different 
shapes and sizes. The most commonly used shapes are rec­
tangular beams, single-Tee beams, double-Tee beams, in­
verted beams, L shaped beams and, for stronger members, 
girders. Typical cross-sections of the above beams are 
shown in Figs. 3.1 through 3.6. 17 
Typical steps ~hich may be taken in designing the 
precast prestressed concrete flexure members are: 17 
1) Select a sectj.on available near the project loca­
tion. 
2) Select the number ~ld size of strands and the 
eccentricity of the beam at mid-span and at· the ends 
(controlling points). 
3) Investigate stress conditions at the critical sec­
tions. 
4) Check ultimate moment capacity. The strain com­
patibility method suggested by ACI 318-71 Code2 can be 
used. Also, the following equations gj. ven by the PCl Hand­
book6 may be used: 
A f ~ =4>[Apsfpsd(1 - O.59Wp)] where W = ~~ P fc 
~ =<P[~sfps(d - a/2)] 
'~ 
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Aids (Figs. 5.2.1 through 5.2.7) are provided for 
this purpose in the PCI Handbook. 17 The critical section 
for checking ultimate capacity is the same as for service 
load stresses. 
5) Steps (1) and (2) should be modified in order to 
obtain the most economical section. 
6) Camber and deflection should be checked by conven­
tional moment-area equation as shown belo~!: 
45 V/L f d f·' t·
= 3E4 ~l or e ~ec ·~ona i 
P L2 + 4P fT 2Initial camber = e _ e ~ "" ~L\~e+2e • ) < 
BEciI . 48EciI 2· ...ci1 
7) Check for critical shear stress. For most deck 
sections, only minimum or no shear reinforcement is re­
quired, in accordance with Section 11.1.1 of ACI 318-71. 2 
Table 5.2. 14 in tl:e pcr Ha..l1d.book can be u.sed for shear 
check. 17 
In lieu of a more precise detsnnination of f basedps 
on strain compatibility, and, provided that fse is not less 
than 0.5 fpy' the following approximate values can be used: 
fps = fpu(1 - O.5~ fpu!f~) for bonded members, where 
!; =~. Tables are provided in the pel Handbook1? for 
both bonded and unbonded prestressing steel. 
3.2.2 Slab 
Slab systems may be designed by any procedure satis­
fying the conditions of equilibrium and geometrical compat­
ibility. It is necessary that both strength and service­
43 
2ability conditions be met. The usual procedure to design 
a one-way prestressed slab is to consider a typical 1-ft. 
width of slab. Whether the slab is simple, cantilever or 
continuous, it is designed like a beam. Although the main 
prestressing steel runs along the length of the slab, trans­
verse steel, either prestressed or not, must be added for 
shrinkage stresses a~d to distribute any concentration of 
loads. Most of the precast concrete slabs have a hollow 
core. The hollow core is provided to decrease the weight, 
and save in materials without much loss of stiffness or 
strength. The PCl Design Handbook 17 provides the section 
properties for different shapes of hollow-core slabs used 
in the United States. Two typical cross··sections of hollow­
core slabs are shown in Figs. 3.7 and 3.8. 
Fig. 3.9 shows typical loa.d-span curves for hollow­
core slab. The PCI Des~gn Handbook contains curves that 
show the span and load ranges for various depths of hollow­
core slabs available in all areas in the United States. The 
loads shown are based on the provisions of the ACI 318-71 
Code. 2 The maximum span to depth ratio of 50 is used for 
roofs and ratios above 40 (shaded areas) are not recommended 
for floors as shown in Fig. 3.9. 
The curves indicate the ranee of safe load capacity 
. 	 for a given span, and may be used to tentatively select the 
depth of a hollow-core unit. Upper and lower limits of the 
load-span bands are the maximum and minimum amounts of pre­
• • • • • • • 
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Fi~e 3.7. Dynaspan Hollow-Core Slab. (From Ref. 17) 
4'-0" x 8" 
Figure 3.8. Span-Deck Hollow-Core Slab. (From Ref. 17) 
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stressing steel usually used. 17 
3.2.3 Columns 
Precast concrete columns, both ordinary and pl'e­
stressed, are used in building construction in the United 
States. The tendency to increase the use of precast pre­
stressed concrete over ordinary reinforced columns is due to 
the fact that prestressing improves elastic behavior and 
handling characteri.stics of the columns, and increases its 
resistance to lateral forces, both in the elastic and the 
17ultimate ranges. 
The stress at any section in elastic analysis for a 
prestressed column under eccentric load is given by the 
· f F . P + Pec ± PAC h . t· 1 tequat 10n ·m~fi = -. A - A ~ -r- -r-' were cr1 1ca s resses 
generally occur at the mid-height of the column. The de­
flection can be obtained by the Secant F'ormula as 
\ /PL3 10 
A = e(secV~clt - 1). 
Using' ultimate strength design, column capacities can 
be obtained. on stress and strain compatibili ty as described 
in Chapter 10 of ACI 318~71 code 2, discussed in Chapter 2, 
Section 2.3.2 of this thesis. The capacity reduction factor 
qpshould be included. Slenderness effects should be con­
sidered when designing columns, as req\lired in Section 10.10 
of ACl 318-71 Code. 2 
Tables 3.4.2 and 3.4.3 in the PCl Design Handbook6 
provide the ultimate allowable axial loads and moments for 
square prestressed columns. 2 Also, the ~esign aids con­
x 
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eerning slenderness effects are presented in Part 5 of the 
same handbook. Figs. 3.10 and 3.11 show two typical cross-
sections for precast concrete columns. 
Figs. 3.12 through 3.17 illustrate some of the typical 
cross-section details of. columns, as suggested in the Manual 
of Standard Practice for Detailing Reinforced Concrete 
Structures. 4 
3.2.4 Wall P8nel~ 
The precast concrete panel field 118a grovm rapidly in 
the last few years. Limited use of panels started prior to 
1912, when units were cast at the job site and lifted into 
place. Similar methods were used for several housing dev­
elopments and buildings of various occupancies built between 
61912 and 1940. 
More recent developments of precast concrete wall pan­
els have involved the use of a variety of surface treat­
ments, such as exposed aggregates, mosaic, glass and marble 
chips, as well as text-ured and smooth surface finishes that 
are obtained by the application of industrial techniques 
developed in the precast industry.17 
A variety of shapes have become popular in the field 
of precast wall panels in the past 10 years. The window­
type mullion wall panel is common in the curtain walls used 
on many high rise structures today. In many cases, this 
type of precast wall panel.is replacing the metal curtain 
wall on the basis of aesthetics and economy. In many cases, 
50 
the designer now has a material that can be molded in any 
6
conceivable shape made in precast concrete. 
While a wide variety of shapes are available, most 
wall panels can be catagorized as flat panels, double-Tee, 
ribbed panels, hollow-core panels, 'window panels or sand­
wich panels. These six basic types of panels can all serve 
as curtain wall or as load beari.ng wall. 6 
1) Flat Panels - l"lat pa.nels are used ranging from 
small pieces to large curtain or load bearing walls sup­
porting one or more floors. Many types of buildings use 
both one story panels and multi-story panels. These panels 
have haunches or other t~~es of eccentric supports to carry 
the intermediate floor or roof loads. 
Flat panels with a thickness of 4-in. or more lend 
themselves to prestressing when they can be designed with 
a concentric prestress of about 200 to 400 Psi. Short flat 
panels of thin sections are often reinforced with mild 
steel rather than prestressed when stresses due to handling 
are rather low. F1ig. 3.18 shows a typical flat panel. 
2) Double-Tee Panels - A double-Tee panel is an adapt­
ation of a structural member, commonly used in floor or roof 
systems. ~~en used as a wall panel, the double-Tee is usu­
ally con~entrically prestressed. Dcuble-Tee load-bearing 
panels often have haWlches cast on the flange face to sup­
port intermediate floor members. The haunch can either be 
the entire width of the panel, or cast as two single 
'iiJII;. 
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haunches at the position of the panel legs or stems. Fig. 
3.19 shows the typical double-Tee panels. 
3) Ribbed Panels - A ribbed panal is similar to a 
double-Tee wall panel with no openings, but is stiffened by 
casting mullions or ribs. The flat portion of the ribbed 
panel is often thicker, usually from 4 to 6 inches. 
Depending on tile design and the available plant fac­
ilities, ribbed panels may be prestressed. or reinforced. 
Ribbed panels serve as either curtain or load bearillg walls. 
A common use of ribbed pe~els is for industrial or commer­
cial buildings where no windows are required, but an attrac­
tive architectural facade is desired. Fig. 3.20 shows typ­
ical ribbed panel se~tions. 
4) Hollow-Core Panels - These panels are made by 
casting hollow cores within the thickness of the panels. 
The hollow cores of the panels are used for connection pur­
poses. Steel bars are installed through those cores, con­
tinuously throLlgh the panels on the top and then filled 
with concrete or grout. Also, bent bars from floor slabs 
are placed in the hollow cores, and then grouted to create 
connections. 
When these panels are subjected to loads requiring 
transfer of shear between two facps of the panel, the thick­
ness of connecting diaphragms should be designed for shear 
transfer through the concrete section. Fig. 3.21 shows 
typical hollow-core panels. 
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Figure 3.18. Typical Flat Panel Cross-Section. (From Ref. 1,() 
Figure 3.19. Common Tyne of Precast Double-Tee Wall 
Panels. (}'rom Ref. 17)· 
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5) Window Panels - The window, or mullion panels are 
the most complex type of panel to design. However, they 
are usually made for specific projects. They require a 
thorough structural analysis for production, handling, 
erection and resistance to working loads. Due to the form 
requirement and difficulty in obtaining concentric pre­
stress forces, prestressing of window panels may not be 
practical. 17 
Window panels can be either single story or multi­
story. Multi-story panels can be built in any length as 
long as the handling and transportation problems can be 
·solved. The most practical length of multi-story panels is 
45 ft.17 Fig. 3.22 illustrates a typical two story window 
panel. 
6) Sandwich Panels - Concrete s~~dwich panels have 
become an important feature in mode·rn building construction, 
as they offer, in a single building element, an economical 
method of providing structural requirements, thermal insul­
ation and attractive architectural treatment. Extremely 
light-weight insulating materials such as foamed concrete, 
plastics and glass provide good insulation, but they have low 
resistance to handling and service loads. A protective or 
load-bearing structural concrete shell must be provided over 
one or both sides of these materials. Attractive surfaces 
may be obtained by many methods, such as exposed aggregate 
or patterns obtained from three dimensional forms. 6 
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Sandwich ~anels used in the United States generally 
have 1 to 2 inches of insulation sandwiched between two 
identically sized shells which are 1* t~ 2* inches thick. 
Fig. 3.23 shows a typical sandwich panel cross-section. 
The design of precast wall panels should be made 
either with reference to allowable working stresses, service 
loads and the accepted straight line theory of flexure 
(working stress design) or with reference to load factors 
and strength (ultimate strengtn design) as given in ACI 318­
71 Code. 2 
The absence of recognized published. data on speci­
fications for precast concrete materials urged the Technical 
Activities Committee of the American Concrete Institute to 
establish Committee 533 Precast Panels. The first organiza­
tional meeting was held at the 58th Annual Convention of the 
American Concrete Institute in Denver in March, 1962. 6 The 
design method suggested by the ACI Committee 533 is working 
stress design. 
Precast wall panels are divided into two categories: 
panels used as bearillg walls or columns loaded in the plane 
of the panel, end panel used as beams loaded in the plane of 
the panel. 
In the first category, the al~owable direct compress­
ive stress in the concrete for concentric loads, based on 
working stress design, sho\ud not exceed the following- for 
normal weight concrete, Fa = O.2f~[1 - (40~e)3J. This 
."' it • $ i <-~, 
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equation is plotted for different f~ values in Fig. 3.24. 6 
In the second category, the allowable compressive 
stress in concrete walls which span horizontally as beams 
Qetween columns, supports or isolated footings, shall not 
exceed the following for normal weight concrete (145 Psf), 
Fc = O.2f~[1 -(60~e)3], where height of panel·h ~8 ft. 6 
The·above equation is plotted for different f~ values in 
Fig. 3.24. 
Precast wall panels used as non-bearin.g or curtain 
walls should be limited to ~ (height or span to total thick­
ness) ratio of 50, provided that the walls are designed to 
carryall loads which may be imposed on the unit and further 
provided that the deflection nO!T.~al to the plane of the pan­
el under loads is less than 2~O' but not greater than 3/4­
in., where h is the distance between supporting or enclos­
ing members. 
~nere ceilings, floors and partitions intersect pre­
cast wall panels, the deflection norma.l to the plane of the 
panel as well as in its o~n plane should be limited to ~ 
or i-in. maximum, or provisi.ons should be made for panel 
movement and deflection in joints. 
Precast wall panels spanning between columns, isolated 
foundations or other supporting members with depth/span 
'ratios greater than 2/5 for continuous spans, or 4/5 for 
simple spans, should be designed. as deep beams, taking into 
account the non-linear stress distribution and local buck­
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Figure 3.24. Allowable Compressive Stress for Pre­
cast Concrete Panels Based on h/te Ratio, Recommended 
by ACI Committee 533. (From Ref. 6) 
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ling (especially in sandwich-type panels). 
The clear distances between lateral supports of a pre­
cast wall panel should not exceed 32 times the least width 
of the compression flange or effective panel thickness. 6 
Ultimate design relationships for flexural, axial and 
combined axial-flexural loadings vary for non~rectangular 
sections. Fig. 3.25 and Fig. 3.26 illustrate the ultimate 
design relationships for both reinforced and prestressed 
concrete panel cross-sections. 17 The unsymmetrical cross-
section is chosen for illustration in order to be more 
general. The prestressed design relationships shown are for 
concentric prestress about the center of gravity of the 
precast cross-section, but can be used with little loss 
of accuracy for eccentrically prestressed cross-sections. 17 
In Figs. 3.25 and 3.26, the design relationships for 
combined axial and flexural ultimate load.ings are refer­
enced to the position of the neutral strain axis. The loc­
ation of the neutral strain axis at ultimate can be deter­
mined from C = ~, where K1 = 0.85 - O.05(f~/1000 - 4), but 
, 
not greater than 0.85, for fc = 4000 Psi. 
The principles of ultimate strength design used for 
ordinary reinforced concrete sections can be applied to 
prestressed sections with some adc..itional consideration. 
It is necessary to use strand stress-strain curves since 
prestressing strands do not have the well defined yield 
points of mild steel reinforcement. Unless the strand rup­
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ture strain is known, the maximum strand strain at ultimate 
should not exceed 3.5%.17 
Slenderness effects should be considered when des­
igning load bearing panels, and also be a consideration in 
tall, slender curtain wall panels. 17 
In order to control cracking, the modulus of rupture 
of the concrete should not be exceeded under service loads. 
ACI 318-71 Code~ ? specifies the modulus of rllpture of con~ 
crete as fr = 7. 5 f~ for r.tormal weight concrete. The value 
of fr is to be multiplied by 0.75 for "all light weight", 
and 0.85 for "sand light weight" concrete. 17 
To be reasonably assured of "crack-free'1 sections, a 
factor of safety should be used in the design as 1.65 for 
normal weight concrete and 2.0 for sand light weight con­
crete.'7 
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3.3 CONNECTIONS 
3.3.1 General 
The use of joints and connections for the transmission 
of shears, axial loads, moments and torques from member to 
member, and from member to sUb-structure is the most sig­
nificant factor in precast concrete construction. General 
guidelines for the design of connections to assure satis­
factory service behavior and maximum economy are as fol­
10ws: 1? 
1) Connections are to be located where concen­
tration of stresses exist. All possible loadings
and movements at the connection should be accounteC. 
for in the design. 
2) Since tolerance of fabricating connection and 
of members framing into a connection cause variation 
in the location of force acting at the connection, 
it should be designed to wi thst,and forces acting
anywhere wi thin the tolera.~ce area. 
3) Connection economics are achieved through
repetitious use of details. For similar types of 
connections, the details should be identical wher­
ever possible. 
Loading conditions to be considered in the design of 
joints and co~~ections are service loads including wind and 
earthquake forces, volume changes due to shrinkage, creep, 
,temperature changes, erection, loads and loading encountered 
in stripping forms, shoring alld removal of shores, storage 
and transportation of members.' The ultimate strength de­
sign method could most adequately be used, with the applic­
69 
able load factors specified in the ACI 318-71 Code. 2 In 
cases where small deviation from desj.gn dj.mensions due to 
fabrication or construction tolerances can have significant 
effect on the design (such as clip angles, corbels, etc.), 
or where loads in excess of those anticipated can occur, an 
additional load factor of 4/3 is recommended.~7 
According to ACI 318-71, S~ction 9/3/7, forces re­
sulting from creep, shrinkage and temperature change may be 
. 17
treated as dead load. Prestressed Concrete Institute 
recommends that a minimum load factor of 1.6 (this is the 
average of dead and live load factors for structures with 
normal ratio of dead to live loads) be used for forces re­
sulting from volume change movements. 
3.3.2 Design 
A. Transfer of Shear. The first capability of a con­
nection should be to transfer the shear forces. The trans­
fer of shear may be accomplished by using reinforcing steel 
extended as dowels coupled with cast-in-place concrete 
placed between roughened concrete interfaces. Mechanical 
devices such as embedded plates or shapes, brackets, pre­
stressing force applied across the connecting surfaces, or 
any other way which meets all accepted unit stress require­
ments for the materials involved, and meets the ultimate 
strength requirement specified by ACI 318-71 2 may also be 
used. 
In case of simple reinforcing dowels, the extension 
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of reinforcing bars in a flexural me~ber or the placement of 
d~wels anchored in each connecting member, either by me­
chanical anchorage devices or with minimum embedment re­
quired to develop the full yield strength of the bar through 
bond may be used to transfer shear (see Fig. 3.27).1 The 
allowable shear, based on extended bars or dowels, should 
not exceed Vu =y(As f s)2 + (1.5D2f~Sina)2: where Vu is the 
total vertical shear, and fs is the allowable stress in bars 
or dowels. The second term in the above equation should not 
be considered if the concrete cover on the dowel is less 
.. 1than j-l.n. 
Brackets and corbels are protrusions cast onto the 
side of a column or wall to serve as a beam seat. Brackets 
shown in Fig. 3.28 can be designed based on the following 
equation: 17 
Vu =<PbdVf~- 0102' where cP = 0.85 
01 = 6.5(1 - o.Sd/lv ) 
(1000~f)(1/3 + 0.4 TulVu) ~ Avf 
C2 = (0 8 T IV ) where Ivf = oa­10 • u u 
The magnitude of Tu can be determined by analysis, but 
it is required that a value not less than 0.2 Vu be used 
(see Fig. 2.5, where this horizontal force is denoted by Nu~ 
The main tensile reinforcement, Avf ' should be anchored 
positively near the extreme outer face by welded cross bars 
or by welding to confinement angles (see Fig. 3.29). Hor­
izontal bars, Avh ' equal to Av~2 should be placed in the 
71 
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Figure 3.28. Concrete Bracket. (From Ref. 17) 
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Vu 
upper two-thirds of the haunch, where Avf =~. The pos­~ yP 
ition of the applied vertical load is assumed to be located 
at the outer third point of the bearing contact area. The 
ultimate bearing stress without confinement angles should 
t 17
not exceed 0.5 fc' as suggested by PCI. 
Brackets may be made by fastening steel clip angles 
or other steel shapes to plates which are cast flush with 
the vertical faces of concrete members (see Fig. 3.30). 
This type of bracket also should be designed to resist all 
shears and moments developed by the connection. Structural 
steel shapes or plates may also be used in transferring 
shear (see Fig. 3.31). 
Another method of transferring shear is by welded 
headed studs (Fig. 3.32). 'rhe full pull-out capaci ty 
given by pcr17 for welded headed studs is the lesser of 
P~ =<P16(le+dh)~ le or P~ = 0 9Aso'f~, where¢> = 0.85, and 
•Aso is the shank area of the stud, oold Is is the ultimate 
tensile strength of stud steel. 17 
.Metal studs also can be used by welding to bracket 
plates or similar pieces (Fi~. 3.33), for shear transfer and 
anchorages. The allowable shear may be determined by the 
following expression given by the ACI Committee 512:1 
Vu = 110d2~, where hid is equal to or greater than 4.2, 
and Vu = 27hd/f~, where hid j.B less than 4.2. 
B. Transfer of Moment. The transfer of moment 
through connections between precast members or cast-in-place' 
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(From Ref. 17) 
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members (foundation) may be accomplished by: reinforcing 
steel extended as dowels; or prestressing force applied to 
the joint and properly developed by the connecting members. 1 
Reinforcing bars which are lapped or welded, or steel 
plates or shapes which are welded to reinforcing bars, or to 
other steel plates or shapes should be detailed so that 
there is a minimum eccentricity of force transferred 
through the connection. 
The design of the connection and the ad.jacent members 
should consider all stresses due to eccentric loading con­
ditions, creep, shrink:age and temperature changes. Also, 
the design of connections should always include an inves­
tigation of the possibility of torsional stresses due to 
unequal loading, wind and seismic forces, differential set­
tlement or temporary erection loading conditions. In gen­
eral, members should be detailed so that torsion is held to 
a minimum at the cO~Jlection. 
c. Transfer of Axial Tension ruld Compression. Axial 
tension forces carried through a con.~ection should not pro­
duce stresses in any part of the connection which combines 
with bending stresses or torsional stresses that exceed 
pe~issible stresses for the materials involved. Structural 
steel shapes may be used to transfeI' axial tension in con­
nections provided that the total stress in each precast 
element is transferred by bond producing de'vices fixed to 
the structural steel shape so embedded.' 
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Compression also should be transferred across a 
connection without eccentricity whenever possible. The 
stresses resulting from axial compression combined with any 
other stresses on the section should be kept within the 
allowable stresses for the materials involved. Structural 
steel shapes may be used just as mentioned for tension 
1
stresses. 
3.3.3 Connection Details 
A. Column to Foundation~ Due to the importance of 
transferring the loads from columns to the foundation, 
special attention should be made in designing the column to 
foundation connections. One standard method is sho\vn in 
detail in Fig. 3.34.' In this method, the dowels are set by 
template, with sleeves to allow some later adjustment. The 
bearing plate is set level and to accurate elevation on a 
grout pad. The column is lqwered onto the plate and guyed 
or braced, thus freeing the crane quickly for other oper­
ations. The dowels are then welded to the embedded angles. 
This detail provides full strength, continuity, and gives 
the flush appearance of monolithic concrete. 7 
Another detail, as shown in Fig. 3.35, is suggested 
by'PCI. 17 In this detail, the precast concrete column is 
placed on the cast-in-place base and anchor bolts from the 
base are bolted to the column to create enough strength and 
continuity. The base plate is used in order to distribute 
load on the footing. 
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Another method of connecting the columns or walls to 
the foundation is by post-tensioning, as shown in Fig. 
3.36. 21 The tying technique begins with the pouring of the 
foundation bars attached to threaded anchor plates at the 
bottom ends which are cast into the concrete. These 
foundatton bars are greased and paper wrapped to insure 
elongation during tensioning. 
Additional bars are then connected to the foundation 
tendons through couplers at the first floor level, ready to 
receive the wall panels. All bars are previously cut to the 
proper floor height, which simplifies handling. Being 
rigid, these bars stand vertical on their coupler connec~ 
tions without support. 
Wall panels are next lowered over the bars through 
preformed holes. ~nen the walls are in position, anchor 
plate and nut assemblies are placed over the bars. Hy­
draulic jacks are then attached and the bars stressed. ~nen 
the specified tension is reached, the nuts are turned down 
to their final position against the face of the anchor 
plates. Grouting is done at each level immediately after 
tensioning• 
. B. Column to Column. Due to the similarity between 
connection of column to column and column to foundation, 
similar detailing can be used as presented in Section 3.3.3. 
A. In addition to conrlection details mentioned, Fig. 3.37 
shows a detail of wall-to-wall connections using friction 
..... 

81 
~ , 
__-steel Bar 
Slab 
Washer Plat­
~chor 
l Plate 
--Coupler 
L ~ast-in-Place 
r---lFoundation 
(Plate & Nut 
lAnchor 
Pull BarRigid 
Tubin I ~lling Wedge 
I I ?u11ing Head 
l""'1'lI 
TenSi oning[-Ram 
I Washer PlateVent 

Tube 
 I -~chor Plate 
d ~...steel Bar 
7 II il+--Rigid Tubing "I L~·dIII II ..I.l.---,." .., [.,
Grout Precast Wall PanelTube 
JACKING ARRANGEMENT 
---'--'1u·-----­
fSteel Bar
•
11 lGreased & Wrapped 
Anchor Plate 
Figure 3.36. Typical Assembly of Post-Tensioning
Columns. (From Ref. 21) 
':'~',':"'" .. 
82 
! 
2. 
~'I: :i~ 4 
~6 
i 
1. Bearing Wall Panel 6. Floor Insert 
2. Floor Panel 1. Connection Make-Up
3. Wall Insert-Top Pieces 
4. Wall Insert~Bottom 8. Friction Bolted 
5. Metal Shims Connection 
~igure 3.]7~ Wall-To-Wall Cormection. (From Ref. 20) 
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bolts. 20 
c. Beam to Column. Structural continuity and ease of 
erection comprise the two chief conflicting requirements of 
beam to column connections. 
One type of connection is the knife connection (Fig. 
3.38), which provides full continuity for superimposed 
dead and live load negative moment. 7 Several tests for 
widely varying application have shown very satisfactory 
behavior at working load. 7 
Another method of connecting beam to column or wall is 
by a connection which is composed of steel inserts embedded 
in the concrete panels (Fig. 3.39). These are held in place 
by steel welded anchor bars which are used to develop the 
required strength by friction shear. During erection, when 
two such inserts are placed adjacent to each other, a third 
element (a steel make-up piece) is friction bolted onto the 
embedded inserts, thus ,completing the connection. The make­
up pieces are preslotted to take up manufacturing and erec­
tion tolerances. 20 More details of beam to column or wall 
connection are shown in Fig. 3.40. 
'D. Beam to Beam. Beam to beam and column to beam 
connections are similar and the same general discussions of 
the details apply. Some of the typical details of con­
nection of beam to beam are shown in Figs. 3.41 through 3.43. 
E. Slab to Beam or to Slab. Some of the typical det­
ails of slab to beam or to slab connections are shown in 
Figs. 3.44 through 3.48. 
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3.4 SEALANT MATERIALS AND JOINT 
3.4.1 Sealant Materials' 
For many years, oil based mastics or bituminous com­
pounds and metallic materials were the only sealants avail­
able. 19 For many applicati~nst these traditional materials 
do not perform well, and, in recent years, -there has been 
active development of many types of elastomeric sealants 
whose behavior is largely elastic, rather than plastic, and 
which are flexible rather than rigid at normal service 
temperatures. Elastomeric materials are available as field 
molded and preformed sealrults. 19 Though initially more 
expensive, they may be more economical over an extended per­
iod due to longer service life. Furthermore, they can seal 
joints where considerable movements' occur which could not 
have been sealed by the traditional materials. 
Field molded sealants can be in one of the following 
forms: 
1) Mastics, which are composed of viscous liquid rend­
ered immobile by the addition of fibers and fillers. They 
do not usually harden, set or cure after application, but 
instead form a skin on the surface exposed to the atmos­
phere. 19 
They are used in buildings for general cracking and 
gls.zing where only very small joint movements are antici­
~~," 
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pated, and economy in initial cost outweighs that of main­
tenance or replacement. Polykutene and Polyiscbutylene mas­
tics have a somewhat longer service life than do the other 
mastics. 
2) Thermoplastics, either cold-applied, solvent or em­
ulsion type, are set either by the release of solvents or 
the breaking of emulsion on exposure to air. They are pri­
marily used as se~l~~ts for caulking and for horizontal and 
vertical joints in buildings which have small movements. 
Preformed sealants can be in one of the following 
fOIms: 
1) Gaskets and tapes, which are widely used sealants 
between glazing and its frame, around window and other op­
enings in buildings, and at joints between precast concrete 
panels in curtain wP.lls. 
2) Compression seals, such as' Neoprene, which is cur­
rently used for most sealing applications. For this pur­
pose, the Neoprene formulation used must have special pro­
perties. For effective sealing, sufficient contact pressure 
mu~t be maintained at the joint face. This requires that 
the seal experience some degree of compression. Good resis­
tance to compression forces (i.e., the material must recover 
sufficiently when released) is required. 
To facilitate installation of compression seals, li­
quid Neoprene based lubric.ants are used. Compression seals 
are effective joint sealants over a wide range of tempera­
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ture in almost all application. 
3-;4.2 Joint Desi@ 
The location and width of joints that require sealing 
can be specified by considering the availability of sealant 
and the anticipated movement of the joints. If the sealants 
cannot take the anticipated movement, then the joint system 
for-the structure must be redesigned to reduce the movement 
at the joints. Sealing systems currently available can 
accomodate (at increasing cost) movements up to about 
15-in. (38.8cm.), and are presently being designed for 
even greater movements. Therefore, it is possible to de­
Sign and specify a suitable sealed joint for almost any type 
of concrete structur~. 
The anticipated length (volume,) changes wi thin the 
structure must be determined and translated into joint loca­
tions and movements that no~ only fit the structural design 
and maintain the integrity between the individual structural 
units, but also, consider the fact that each type of sealant 
currently available imposes specific limitations. For both 
the shape of the joint that can be sealed, e-nd the movement 
that can be accomodated, when using the applicable struc­
'tural design codes and standards for movement calculations, 
it should be remembered that the f"ources of movement and the 
nature of movement, both long and short term, can be very 
important in other than simple structures. Both experience 
and judgement are necessary in the design of joints that 
IIf' 
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function satisfactorily. 19 
In Reference 19, graphs are available to obtain joint 
widths for both field-molded sealants and compression seal­
ants. 
3.4.3 Joint Details 
The purpose of the joint is to provide weather tight­
ness of the precast concrete members. Joints between pre­
cast panels may be divided into two basic types; one-stage 
. joints, or two-stage joints. One·..stage jOints have one line 
of defense for their weatherproofing ability. This occurs 
normally in the form of a sealant close to the exterior sur­
face. The advantage of this type of joint is that it gener­
ally provides the lowest first cost, and it is suitable for 
use between precast panels, as shown in Figs. 3.49 and 3.50. 
Two-stage joints, however, have two lines of defense 
for weatherproofing. The typical joint consists of a rain 
barrier near the exterior face and an air seal normally 
close to the interior face of the panels. The rain barrier 
is designed to shed most of the water from the joint and the 
air seal is the demarcation line between outside and inside 
air pressures. Between these two stages is an equalization 
or expansion chamber which must be vented and drained to 
the outside. The two-stage joint is gaining acceptance, 
particularly for buildings, subject to severe climatic ex­
posure or temperature and humidity control. 19 
A disadvantage of the two-stage joint for concrete 
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Figure 3.50. Corner Joint Detail and Panels with 
Narrow Ribs. (From Ref. 19) 
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wall panels is the higher cost. For projects with good 
repititive joint design, properly integrated with other pan­
el details, and having efficient production and erection 
procedures, it may well approach the cost of one-stage joint 
installations. 19 In these instances, the safety factors 
and lower maintenance costs should be considered. Figs. 
3.51 and 3.52 show two-stage joi~t details. 
Some of the joint details for both floor and roof slab 
are shown in Fig. 3.53. 
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Figure 3.53. Floor and Roof Slab Joint ,Details. (Prom Ref. 1q)
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3.5 FIRE RESISTANCE 
The fire resistance of concrete makes it a very ef­
fective building material as compared to steel or wood. 
Concrete transmits heat very slowly, and, thus, is able to 
protect the steel reinforcement embedded within it from 
reaching the critical temperature at which its strength is 
no longer adequate. 15 The protective coverage for steel is 
usually the critical item for the fire resistance of a con­
crete member. Failure of a reinforced concrete member often 
initiates from cracking and spalling, which exposes the 
steel to the fire. This action is due to differential ex­
pansion between the hot surface layers and the cooler con­
crete behind. It is also related to the opposing actions of 
cement, which shrinks due to a loss of moisture, and of the 
aggregate, which eA~ands continuously during a temperature 
. 15 r~se. 
Factors affecting the thermal performance are: type 
of aggregate in the concrete; free moisture in the con­
crete, both absorbed and capillary; and volume of concrete 
per square foot of exposed area. Fig. 3.54 shows the 
effect of various types of aggregate on the fire endurance 
of 4 3/4-in. Jlab. 5 Fire endurance is a measure of the 
elapsed time during which material or an assembly continues 
to exhibit fire resistan.ce under specified conditions of test 
~ 
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and performance. 5 Fig. 3.55 shows relationships of slab 
thickness and type of aggregate to fire endurar.ce. 
Factors affecting the structural performance are: 
stress level in both concrete and steel; topping over the 
concrete and the reinforcing bars; tendency of aggregate 
and free moisture to cause spalling; and lateral restraint 
condi tion. 5 
The effect of the concrete strength is more critical 
in columns then in slabs or beams, since this type of ele­
ment is uniformly loaded in compression and surrounded.by 
fire on all faces. In girders or slabs, the· area exposed to 
fire is normally in tension so that protection of the rein­
forced steel is critical. Fig. 3.56 shows the effect of 
temperature on the modulus of elasticity and the compressive 
strength. 
The fire resistance performance of ordinary reinforced 
concrete elements is affected by the rate of increase of the 
reinforcing steel'temperature. This rate of increase is a 
function of the cover of the reinforcing bars and the size 
and shape of the cross-section in which they are embedded. 
These factors affect the time at which. the reinforcing 
steel reaches a critical temperature (the temperature at 
which the yield point of the steel drops to the design 
stress in the steel). Fig. 3.57 shows the effect of tem­
perature on the yeild strength of reinforcing steel. This 
figure indicates that for the intermediate grade bars most 
.......... _ ..""I" 
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commonly used, the yield point will be approximately 18,000 
o 
Psi, when the bars have reached about 1,200 F. 
Since the temperature drop from the exposed surface 
is steep, small additions in the amount of cover have a 
large effect in the rate of temperature increase in the 
bars. Fig. 3.58 shows the actual thermal gradients of a 
6.in. solid reinforced concrete slab. 5 
Similar tests have been conducted on prestressed con­
crete. Results obtained for prestressed concrete are sim­
ilar to the results of ordinary reinforced concrete. The 
most important difference is in the kind of steel used and 
the stress to which it is subjected. Prestressing steel 
contains a higher percentage of carbon, and is usually cold-
drawn to increase its strength, as discussed in Chapter 2. 
When subjected to the temperatures developed during a fire, 
it may become annealed and lose a large part of its normal 
strength. Tensile tests have shown that only about half of 
o 0 
its tensile strength remains at 750 to 850 F, depending on 
the initial stress level; whereas for steel used in normal 
reinforced concrete, the corresponding temperature is about 
o 
1,000 F. However, tests of prestressed beams, even when un­
o 
restrained, show. a higher critical tempera.ture (about 800 
o 
to 1,000 F or more), which depend~ on the size and shape of 
the member. 
j:he higher quality concrete used in prest-ressed con­
crete tends to be less permeable than ordinary concrete. 
Therefore, unless it is thoroughly dry wnen tested, spalling 
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may also occur due to the greater rigidity of the higher 
quality prestressed concrete, especially for thin sections. 
~hen the exposed face is still cool, the high thermal 
stresses, in combination with the less yielding character of 
the high quality concrete, may cause spalling of thin slabs. 
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3.6 THREE RECENTLY BUILT 
STRUCTURES USING PRECAS~\ 

CONCRETE UNITS 

3.6.1 Case Study #1 
John Adams High School in Portland, Oregon will be 
studied as the first case study. The general contractor was 
Todd Building Co., tlle architect was Hawlett and Jamison 
A.I.A., and the structural engineer, Dirk N. Loojenga (Fig. 
3.59). The precast prestressed concrete members were de­
signed and produced under the supervision of George Laszlo, 
Chief Engineer, Empire Prestress, Inc. 13 
The structure is built in a 236,000 sq.ft. area, with 
the entire structure above the foundation made with pre­
stressed concrete. Columns are based on one cross-section 
shape •. Exterior window panels are exposed dolomite aggre­
gate concrete. Spwldrel beams, walkway cover panels and 
railings are smooth concrete. Floor and roof construction 
is made of light-weight concrete prestressed Tees, 7.5 ft. 
wide to fit into a 15 ft. module line. The Tees used over 
the auditorium of the school are 120.ft., and over the gym­
nasium are 143 ft. long. 
Tht:; main elements of this building are: 556 columns; 
116 pes. of window panels; 149 pcs. spandrel beams; 73 
pes. walkway cover panels (canopy panels); 79 pes. walkway 
rails; 11 pcs. girders; and 232,000 sq. ft. (21,500 m) 
·107 

precast prestressed floor and roof Tees. There were also 
miscellaneous precast stair treads, etc. 
The order of erection of members was first to erect 
15 ft. columns at the center and at the window panels be­
tween the columns, then above these window panels a span­
drel was placed, which was set into column notches. Then 
the' floor or roof Tee members were erected, one above each 
column and one in mid-span of.the spandrel beams. In the 
two-story buildings, a similar method was repeated above the 
first floor level. 
The basic section of all columns was a 24"x24" cross 
with 8" of wall extended on each side. The column height 
was varied from 10 f~. to 28 ft. All columns received a 
smooth finish to be painted in the field, and made of '5,000 
•Psi (352 Kg/sq.cm.) herd rock concrete. 
All window panels were the same size, 10'x13' 
(3,05m~x3.~6m.) with four window openings. The specifica­
tion called for 4,000 Psi (28t Kg/sq.cm.) exposed white # ag­
gregate concrete with some color addition. White dolomite 
aggregate was used, and excellent JLsults were achieved with 
., 
concrete retarder and sand blasting for exposing aggr~ate. 
Figure 3.60 illust~tes a view of the window panels. 
Spandrel beams were 8"x22u x14'-3" (20.32 cm.x55.9 cm. 
x43.4 cm.), and made of 5,000 Psi (352 Kg/sq.cm.) hard rock 
concrete with a smooth finish, ready to receive paint in the 
field. Some spandrel beams were 3'-10 3/4" deep (118.7 cm.) 
"\~r ,_. 
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F i !!ure 3.59. General View of c..TO[Ul Adams High School . 
P · ..... "0J. gure 5. _~ .. J indow \'ial l Panels ( John Adams High 
SchooI') 
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and received a sculptured face. The sculpture was done by 
an artist, and these panels were produced by plastic suc­
tion-form method. Figs. 3.61 and 3.62 show the spandrel 
beams. 
Walkway cover panels were probably the most interest­
ing and ingenious sections. They were 14'-13 t 'x14'-3" 
(4.34 m. x 4.34 m.) waffle slab with a cross rib at midspan. 
The perimeter beams and cross ribs were 8"x221t (20.32 cm. x 
55.88 cm.) with 3" thick slabs (7.62 cm.). These canopy 
panels were produced in steel forms, and made of hard rock 
aggregate 4,000 Psi (281 Kg/sq.cm.) concrete with smooth 
finish. Figs. 3.63 and 3.64 illustrate the walkway cover 
panels (waffle slab)~ 
Floor and roof Tees were 7.5 ft.(228.5 cm.) wide to 
fit into the,~5 ft. module lines. Depth was Yaried accord­
ing to load and span requirements from 18" to 48" (45.7 cm. 
to 122 em.). The floor spans were 45 ft. or 60 ft. (13.72 
m. and 18.3 m.); roof spans averaged 90 ft. (27.45 m.) in 
length. The roof Tees above the au.ditorium were 44" deep x 
120 ft. long (111.8 em. x 36.6 m.), and above the gymnasium 
48" deep x 14.3 'ft. long (122 em. x 43.61 m.) Due to slen­
derness and great length of these Tees, special attention 
was made in. production and handlirg. To eliminate sideways 
(horizontal) bending and excessive torsion during hauling, 
it was necessary to design a special bracing system. This 
system included a heavy steel angle bolted to each end on 
110 
Figure 3.61. ~pandre l Beams (tTohn Adams High School). 
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Figure 3.64 . Yal kway Cover Panel Us ed for the Second 
~\l o or GJ ohn Adams High School). 
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both sides of the web. A 3 ft. long cHlnnel was then 
bolted to the web at the neutral axis at mid-span, and two 
in dia. 270 Ksi strands were stressed from the end to give a 
horizontal truss to both sides of these long Tees. Just 
before erection, these strands were burned. All roof Tees, 
including the long spans, were light-weight aggregate con~ 
crete, with the strength of 5,000 Psi minimum at 28 days 
(352 Kg/sq.cm.). Figs. 3.65 and 3.66 illustrate Tee beams 
of the gymnasium and auditorium. 
It was found that in short members (under 90 ft.), the 
camber can be calculated within 10% accuracy in light-weight 
concrete; however, the longer members always achieved less 
camber than calculated. 
Welded and pinned connections were used in order to 
transfer the horizontal fo~ces to interior shear walls and 
to the foundation. In larger secti·ons, there were some 
cast-in-place rigid frames to resist horizontal forces. The 
window panels with their large sized openings were also de­
signed for taking lateral forces. The larger sections were 
separated by m~.ans of expansion joints, using bo\ted con­
nections with slotted holes, allowing enough movement tor 
!theremal and horizontal forces. ! 
Fo~ Simplicity, the same general type of connections 
were used. The columns were pinned by means of one or two 
#8 rebars, extending into the foundation from the column 
base,and welded on exterior edges. The pin resisted hor­
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}'igure 3.65. Tee Beam of G~l1asium (t.Tohn Ad~9Jls High
School)5­
!igure 3.66. Tee Beam of Auditorium (John Adams High
School). 
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izontal shear at the base, and the welded connection pro­
vided adequate rigidity against bending. Window wall pan­
els were welded to continuous footing and to the columns at· 
the sides. Floor and roof Tees had one or two vertical 
downspouts cast into. the ends to receive #8 pins from col­
umn and spandrel beams, which were grouted into these holes. 
Generally speaking,' the simplicity of erection and 
connection of precast building parts greatly contributed to 
cost red~tion, and made the building architecturally at­
tractive. 
3.62 Case Study #2 
The second case study considered is the Marshall Union 
Manor ~uilding in portland, Oregon. General contractor was 
Minden Construction Inc. and the architect was Henry Grey 
Brook. Interviewed was Jim Hendren, Superintendent. 
This building consists of 213 apartments in 12 stories. 
All members above the foundation are precast concrete. Two 
general views of the building are shown in Figs. 3.67 and 
3.68. 
This building consists of wall panels, interior bear­
ing walls and core slab.' Interior shear walls and core 
slabs are prestressed, while wall panels are ordinary rein­
forced concrete. Wall panels are 9' x 16' ,x 6" for exter­
ior walls, using steel pipe cores for reinforcement, as 
shovvn in Fig. 3.69. The interior walls are 12' x 16' x 12". 
These walls are bearing walls, and are designed to carry, 
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General View of Marshall Uni on J¥Iancr 
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E!@re 3.68. Another View of Marshall Union Manor Burr :Lng. 
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lateral shear forces necessary for Zone 2. Slabs are core 
slabs, all of which are precast prestressed concrete, and 
sizes are 8' x 32' x 12" for bottom floors and 8' x 32' x 8" 
for top floors. Fig. 3.70 shows the typical cross-section 
of core slabs. The hollow-cores are used for mechanical 
pipes and electrical wiring. 
Figs. 3.71 and 3.72 illustrate typical details of 
slab to wall panel and slab to slab connections. 
Another interesting detailing was covering the nar­
row strip gap which, in some areas, could not be covered by 
the slabs, since the modular slab width was kept constant at 
8'-0". These gaps usually varied from 2" to 6" in width, 
and 32'-0" in length (slab length). Fig. 3.73 illustrates 
this detail. According to Mr. Jim Henderson, Superintendent, 
construction time was reduced by aoout one-half by using 
precast members rather .l~han cast-in-pla.ce members. 
3.6.3 Case Study #3 
The third case studied was a garage built in Bridge­
port, Connecticut (Fig. 3.7.4).9 The garage was designed by 
Fletcher Thompson, Inc., Bridgeport architects, with Lathrop 
Douglass as ~onsulting architect. It was built for a capac­
ity of 2,000 cars, and was completed in less than a year. 
It is 722 Ft. long and 123 ft. wide, seven stories high and 
contair.s 635,000 sq. ft. of floor space. The actual con­
struction and design costs were only $3.1 million, or just 
slightly over $1,500 per parking stall. 
120 
I ,..",.. 
Steel pipe-cores, cross-section area=!-in. 2 , 
~{ ··.6"',O.~o·,'6:.6::6'·O,:cy: 

.. '.. :.. ~. • .. _ ".. flO .. ... .. • _.. ..' • 
J.­
, 
:t. -0 
H 
J 
Figure 3.69. Typical Cross-Section of Exterior 
Bearing Wall. 
..
.. 
Q\.) 
.\" 
\t:) 
N
-
Inserts @ 48-in. o/e #4 @ 48-in. o/c tTop and Bottom 
, 
.. 
f''''' .... ... I 
. 
... • • ,.. . 
... . , , 
r • 
I /I 
r 4-0 
, 
Figure 3.70. Typical Cross-Section of Core Slabs. 
121 
8n precast concrete panels for exterior 
walls 
" 
'.1 
/ . 
..., 
I _. - .-. '. 
~Vertical Reinforcement 
minimum 
2'-6U 

1 #6 dowel x 9"1 

at each slab join·t 

r 12" span-deck floor slab 
----1Void 
Dam 
-'.c.~.::"':":..:::..:.:.~ 
continued 
I~'j 	 Add 1-#5 x 5'-0" center at joint 

each vertical 

Fitafe 3.71. Typical Slab to Wall PWlel Connection 
De a11. 
L 11 x 1t x t x 0'-2" 
'" 
... ~. '!> 
Asbestos 	rope sealant#4 @ 48" 	 o/e t n 4> continuestop and bottom 
Figure 3.72. T3~ical Slab to Slab Connection Detail. 
t'~ 
122 
Bar 1 x t x pour
strip plus 1" 
weld to inserts 
~ " 2 t;; 6 
12" span-deck floor 
_slab with topping 
varies from 41-" to 
2", for roof topping
6" 
\ _ -r 
2-#5 continues top and 
bottom, with #3 ties @ 
18" olc 
Figure 3.73. Cast-in-Place Covering of Opening Bet­
weenTwo Slabs. 
123 
In the case of rising prices, the cost per car com­
pares well with several other sizable garages built in re­
cent years by different methods. A steel frame garage built 
in New Bedford, Mass., in 1961, c9st $1,700 per car; cast­
•in-place concrete structures built-in Topeka, Kansas in 
1961, New Haven, Conn. in 1962, Kansas City, Mo. in 1962 and 
Boston, Mass. in 1964, range in cost from $1,600 to $3,400 
per car. 
According to J. Gerald Phelan, president of Fletcher 
Thompson, speed and economy were ach~eved at the Bridgeport
-
job by simplicity of design, and almost exclusive use of 
standardized precast concrete structural units. These 
units consist mainly of 984 prestressed single-Tee beams, 
33 in. deep, with 9 ft. flanges and 322 columns averaging 
1 
75 ft. in height. Long spans of the Tees (60 ft.) reduced 
~ 
the number of columns, and, therefore, the total area re­
quired. It has been estimated that using cast-in-place con­
crete would llave increased the size of the garage by 10% to 
15% without additional parking area. 
The decks in one bay are level. In the other, the 
decks slope upward from one end on a 4% grade for about 
two-thirds of the length of the building for entering, and 
downward on a 6% grade for the remaining length for exiting. 
II 
124 
Figu~ 3.7'l c' General View of Bridgep or t Gara ge in 
Connectlcut . 
CHAPTER IV 
USE OF PRECAST CONCRETE 

UNITS FOR BUILDI~GS 

IN IRAN 

4. 1 GEOGRAPHY 
Iran is a part of the Iran plateau which consists 
of Iran, Afghanistan, and Pakistan, as shown in Fig. 4.1. 
It is situated in the North temperate zone, which is between 
44 degrees and 63 degrees longitude and 25 degrees and 40 
degrees latitude. 22 It has an area of 628,000 square miles 
(1,645,000 sq.km.) and a population of 30,329,000, of which 
43% is urban population and 57% is rural population. 22 The 
net rate of population growth in Irw1 has been about 600,000 
a year since 1956, or about 18 persons per square kilometer. 
In comparison to the United States or Europe, Iran's area is 
equal to the total areas of Texas, New MeXiCO, Arizona and 
California, in the United States, and is equal to the total 
areas of England, France, Germany, Italy, Belgium, Holland 
and Denmark, in Europe. 
Iran has a varied geographical, geological and climate 
composition. For example, one can be certain of reaching 
water by drilling a shallow well in the Caspian Sea area in 
the north of Iran, but no deep wells have reached water in 
the central parts of Iran, such as Hamadan and Kermanshab 
• 
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(See Fig. 4.1).22 These differences are due to the history 
of the Iran Plateau, which was a sea bed in the pre-historic 
era. 
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Figure 4.1. Map of Persia (Iran) and its Neighbors. 
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4.2 CLIMATE 
The climate of Iran is different in various regions. 
Iran is a mountainous co~~try. The two major mountain sys­
tems are the Alborz in the north, which is almost a contin~ 
uous range from the Turkish frontier in the northwest to the 
Afghanistan border in the northeast, and the Zagros Chains, 
which extend from the northwest to the southeast of the 
country. The highest peak in Iran is the volcanic cone of 
Damavand, with an elevation of 5,671 meters (18,940 ft.). 
The lowest plains lie along the Caspian Sea at about ~22 
meters (-73 ft.) below sea level. There are two narrow 
lowlands in the country, one separating the northern slopes 
of the Alborz from the Caspian Sea, and the other, more ex­
tensive in area, separating the western and southern foot­
hills of the Zagros and its associate mountains. The re­
maining lands are, in the central and eastern parts of the 
country, comprised of roughly one-third of the total area of 
Iran? and are occupied by flat or sand deserts. 22 
The great differences in elevation in Iran result in 
varied climatic conditions, which range from cold ove~ high 
levels to hot at lower altitudes in the south. The high­
land areas have cold winters and mild summers. The average 
minimum January temperatures for the highlands have been 
o 0 
recorded to be -12 C (10 F), with the lowest temperature at 
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o c 
-36 C (-64 F) at the Alborz ranges. The maximum summer 
o 0 
temperature in the highlands is about 36 C (86 F), and drops 
o -0 
to around 10 C (50 F) at night. 
The lowlands, with the exception of the Caspian Sea 
area, are characterized by dry weather, with temperatures 
() 0 o. 22 
varying from 0 C (32 F) to 55 C (131 F), during the year. 
The" narrow coast of the Caspian Sea is characterized by mod­
erate temperatures, low daily and annual ranges, excessively 
bigh humidity and heavy precipitation. Mean summer temper­
a 0 
ature in this area is around 26 C (78 F) and mean winter 
o a 
temperature about 7 C (44 F). The Iranian Meteorological 
Department released information presented in Table IV.1 on 
diffE~rent climatic regions. of Iran observed in the period 
1952 to 1969. 
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4.3 EARTHQUAKES 
Some 50,000 people have died in various earthquakes 
in Iran during the pasttwelve years alone. 22 Earthquakes 
have struck various parts of Iran, but the largest number of 
earthquakes have been in Farse in the south; Khorassan in 
the northeast; and Qazvin not far from 'I'ehran in the central 
region. The most deadly earthquakes in Iran during the past 
twelve years were: the Lar (close to Shiraz) earthquake in 
1960, which led to the complete destruction of Lar and 
twenty other villages. The number of dead was estimated at 
over 12,000; the Qazvin Plain earthquake in 1962, which 
kilied 12,400 people; the Khorassan earthquake in 1968, 
which claimed some 20,000 lives and injured 50,000; and the 
latest on April 10, 1972, around Lar, which claimed 4,000 
lives. The magnitude of this earthquake was 9.5 on the 
Richter Scale. The effects were felt wi.thin a radius of 
400 kilometers. Fig. 4.2 shows the major earthquakes in 
Iran. 22 
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4.4 STEEL PRODUCTION 
The metallurgical industry in Iran is rapidly growing. 
Aryamehr, the first steel mill in Iran, was started in 196;, 
in the Esfahan area. The Arymehr Steel Mill, with an orig­
inal capital of 49,150,000,000 rials ($1.00 ~ 75 rials), 
started production in early 1972, with the first output of 
22pig iron in the country. In the first year of production, 
it was expected to give an output of 630 tons of pig iron, 
structural steels and reinforcement bars. It is estimated 
that this output will grow to 1,900,000 tons (one ton = 
2,204 Ibs.) by 1977-78, and to 4,000tOOO tOllS ten years la~ 
ter. It is expected that this steel mill will produce all 
structural steels, rails and sheet iron required by the 
country. Internal consumption of iron has risen during the 
last few years to 800,000 tons, and during this time, im­
ported iron constituted 14.3~ of Iran's total imports. The 
price of steel produced by the Aryamehr Steel Mills will be 
on.international levels or may be even lower. 
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4.5 CEMENT PRODUCTION 
Production of cement in 1911-12 amounted to about 
3,000,000 tons, produced by eleven major mills, five of 
which are located around Tehran, the capital. 22 Ministry 
of Economy officials believed that with the completion of 
the cement mills, th.e country would no 10ngeI~ need foreign 
cement by 1912-73. The home industry will be able to meet 
the entire national requirement until 1978. 
Five major mills, Tehran, Abyck, Mashhad, Kerman and 
Esfahan Cement Mill were expected to expand their capacities 
to about 10,000 tons (total) by 1973. 
By :19'74, the Sufian and Fars mills will raise prod­
uction to 1,000 tons a day, and Aryamehr Cement Mill will 
also start production with the same capacity and by the same 
time. The Aryamehr nlill is being jointly constructed at 
Esfahan by the Steel Corporation and the Army Ordinance. 
The daily capacity of the mill would be 5,000 tons, which 
would be the largest cement mill in Iran. 
In 1970-71, cement production in the country amounted 
to about 2.75 million tons, whereas consumption was about 
2.99 million tons. By 1972-73, production was expected to 
rise to 3.44 million tons, and by January 1973, it was ex­
pected to rise'to 3.7 million tons. At the current rate, 
consumption will amount to only 3.435 million tons. The 
·sa~~~unoo ~u~~oq~~~au o~ pa~~odxa aq Tl~M aoual~q p~a~~aAO 
~fL 
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4.6 HOUSING SHORTAGES IN IRAN 
In May 1971, the Urban Developement and Housing sec­
tion of the Plan Organization submitted a report on the re­
sults of the last three years of their activity, which ex­
pressed dissatisfaction with the lack of progress of urban 
development and housing, and called fOI' a "basic review" of 
the situation. 
Construction and completion of various urban instal­
lation projections, which had a total budget of 16,000 mil­
lion rials ($21 million), had slowed down in those three 
years due to various difficulties; one of which was lack of 
proper criteria necessary to help in the select on of pro­
jects .and determination of their priorities. For instance, 
in many towns where there is no water supply system, funds 
have been allocated to such secondary projects as building 
of abbatments for power lines and street paving. 
According to the statistics released by the Central 
Bank ,of Iran, urban population can be divided into the 
following five categories. 22 
1) Low Income Group 25% of urban population 
II II2) Under Averae;e Income Group 327~ II 
3~ Average Income Group 29.5% If" It4. Above Average Income Group 11~~ II " 
" 
II5) Upper Income Group 2.5% 
According to a report by the Minister of Housing and 
Development in 1971, 33% of the urban population lived in 
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houses taken on a rental basis. This ratio is higher than 
most of the developed countries of the world. 
In 1966, there were 133 housing ~~its for every 1,000 
persons, while in 1971, there were only 127. However, con­
ditions improved somewhat in 1971~72, when municipalities 
lifted a number of restrictions on housing permits which 
had been imposed by implementations of the newly passed 
'Renovation Laws'. In the first nine months of this year, 
this resulted in the issue of 10,704 housing permits in the 
city of Tehran alone (i.e., 20.9% more thrul the previous 
years), and, similarly, a 13.8% increase in other large 
cities. 
It has been said that the current rise in the rental 
value is due to population growth in urban areas, dissatis­
faction in the housing programs, unprecedented rise in the 
prices of plots of land within city limits, and price rises 
in construction materials and building costs. These factors 
have controlled higher rents so much that t as compared wi tr~ 
1965-66, rents have risen 56% in 1970-71, and the cost of 
land has risen 130%. It can thus be seen that in such cases, 
it is almost impossible for a person of low income to own a 
house because a large part of his income is devoured by the 
high rents. 
Urgent steps taken by government to meet the situation 
22 
are as follows: 
1) Campaign against land speculation. 
2) Government and construction companies plans 
Ii 
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for housing. 
3) Reduction in the interest on housing loans 
and further facilitating terms of housing loans. 
4) Amendments to the law of lessor and lessee. 
5) Land price controls in 1971-72. 
According to the plans prepared by the experts of the 
Ministry of Development and Housing, about 1.8. million hous­
ing units should be built during the period 1972-82, and 
that at present the country is short of 400,000 housing 
units. Gover.nment has estimated that 549 billion rials are 
needed to implement this plan. Adding to the amount to be 
invested by the private sector, the total required will be 
about 960 billion rials. 
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4.7 LOW COST HOUSING 
As mentioned in Section 4.6, the housing shortage is 
one of the major problems in Iran. The main reasons for 
the severity of this problem at present are population in­
crease and rapid urbanization. Also, the cost of land and 
housing, as compared to the limited fi.nancial resources of 
the community remains very high. The major, factors in 
housing costs in urban areas are the cost of land, materials/ 
and labor. The cost of labor in Iran is much less than the 
cost of land and materials. 22 In some developed countries, 
the situation is just the reverse. Economy'in the con­
struction of low cost housing can be achieved by proper lay­
out, proper selection of materials, better structural de­
sign and economical construction techniques. 
In addition to the above consi.derations, sociological 
problems should also be considered for effective means of 
urban renewal for people of low income. The new develop­
ments should be comprised of a comples center close to mass 
transportation, with large areas of green. 11 
The lack of housing in developing countries is par­
tially due to the poor economic cond.ition of the individual, 
which makes it difficult for him to contribute to the cost 
of his housing. The only way to counteract this problem is 
for local officials to plan and design large housing pro­
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jects, and divide the total cost on a sector level in order 
to increase productivity and decrease cost of construction. 
For example, consider the country of Turkey, which has 
similar housing problems. An extensive study by D. Sorgu 
illustrates that in Turkey, construction by means of pre­
fabricated components is about 9% cheape'r than the conven­
tional m,ethods. 11 In this study, the major variables con­
sidered in mathematical modeling were materials, land price, 
prefabrication forms cost and labor cost. 
Similar studies have been carried out in most Euro­
pean and Asian countries, and also in the United States. 11 
Assembling housing by prefabricated members was generally 
recommended by all the investigators at the International 
Symposiums on Low Cost Housing Problems related to Urban 
Renewal and Development held at the University of Missouri 
. 11
at Rolla in October 1971. 
In Iran, since concrete and steel reinforcement are 
expected to be produced in excess of the country's needs, 
buildings predominantly constructed with precast concrete 
members appear to be a logical alternative for partial sol­
ution to the housing problem. 
Precast concrete members can be used for small, single 
level hou~ing units in rural areas, since land cost is not 
high. They are also desirable for high rise buildings in 
urban areas, where land cost is one of the 'primary consid­
erations in the total cost. 
~ 
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As discussed in Section 4.2, earthquakes constitute 
a major natural force to be considered in design, which 
causes the need for stronger building materials for more 
permanent and structurally dependable housing. Since the 
country does not have a supply of wood for construction, 
steel and concrete would be the two major materials to be 
used. Today, in rural areas, less expensive houses are 
built primarily with unreinforced brick and mud. It is 
obvious that these types of building components are not 
strong enough to withstand the variations in climate from 
extreme heat to excessive rain and snow, as discussed in 
Section 4.1, and, these structures do not have the proper 
resistance to wi thstand tlie earthquake load.. Concrete with 
proper shear design would be the ideal material to use, 
especially in the areas with stronger and more frequent 
earthquakes. 
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4.8 SIX W~JOR PRECAST 
CONCRETE PLAN'I'S 

IN IRAt"i 

Knowing the quality of concrete as a structural mat­
erial and the problem of the housing shortage in Iran, tnis 
author studied the,availability of preca.st concrete manu­
fecturing plants in Iran. A questionnaire was formulated 
and sent to twelve precasting plants in Iran. Six of these 
questionnaires were completed and returned. The results of 
the answers are summarized in Table 4.2. 
Information obtained from the questionnaires indicates 
that there are at least twelve precast prestressed concrete 
plants, all ~ocated in Tehran (capital of Iran). These 
plants produce different sizes of s'tructural units for 
buildings. Precast prestressed concrete members produced by 
these plants are sla.bs, 'beams, wall panels and bearing walls. 
The strength of materials used in prestressed concrete 
members are: steel, with ultimate strength of up to 255 Ksij 
and ~cncrete, with an ultimate strength of up to 8,500 Psi. 
The strengths are comparable to those used in the United, 
States. Simple connections which are generally used by these 
plants are dowels, studs or bolts and reinforcing bars, 
lapped or welded. 
A list of all buildings which have been built 're­
cently using precast prestressed concrete members was ob­
'iIiIiiI 
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tained from the questionnaires, and is presented in Table 
4.3. The illustrative photographs showing some of these 
buildings, which were obtained by the author, are pre­
sented in Figs. 4.3 through 4.9. The total area under 
construction for the nine buildings listed in Table IV.3 
2is 156,000 m (1,700,000 ft. 2). 
-
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TABLE IV.2 
INFORMATION OBTAINED FROM SIX 
PRECAST CONCRETE PLANTS 
No. 
:Name of 
Engineer 
-'-" 
Name & location 
of prestressing
plants lmown to 
Address of engineering
Engineering firm(combined
Position Firm list) 
I Hormoz-
Maleki 
Chief 
Engi!leGr
(C.E.) 
Ave. No. 8 
Vozara Ave. 
Tehran, Iran 
1)Parniab
Tehran, Iran 
2)Sock Beton 
Tehran, Iran 
3)Eshpan Beton 
Tehran, Iran 
4)Dima
Karaj, Iran 
5)Beton Batiman 
Tehran, Iran 
6)Sab Co. 
Tehran, Iran 
, 7)Italran
Tehran, Iran 
8)Perfab Co. 
Tehran, Iran 
9)Perican Co. 
Tehran, Iran 
II Zareh 
Petrosian 
Chief 
Engineer
(C.E.) 
Sab Co., No. 
20, Bozargo­
mehr Ave., 
Tehran, Iran 
III Abbas 
Amir-
Teimoor 
Chief 
Engineer
(C.E.) 
Polytecknic
College
Tehran, Iran 
IV Mr. 
Serkesian 
Chief 
Engineer(C&E.) 
Tehran, Iran 
V }t'arhad
Mahmoodi 
Cr.ief 
.Engineer
(C.E.) 
No. 60, li'or 
sat Ave • 
Shahreza, 
Tehran, Iran 
VI Name 
. Unsigned 
Chief 
Engineer 
Prebeton Co. 
of Iran, iio G 
(C.E.) 82 Pahlavi 
Ave., Tehran, 
Iran 
10)Beton Hak Co. 
Tehran, Iran 
11)Estop Co. 
Tehran, Iran 
12)Prebeton Co. 
~---- ..­ -~.---.-.----~-----
Tehran, Iran 
..--­--~-----.--
',;j.'ll'.­
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TABLE IV.2 

CONTINUATION 

rio. 
Kind of units 
produced by the 
plants (beam,
girder, slab, 
wall panel,
column, etc.) 
Strength of 
concrete used in 
prestressing, f~ 
Kg/Cm2(Psi) 
Strength of 
prestressing 
steel - fy 
K.g/em2(Ksi) 
I slab, beam, 
wall panel,
column, 
bearing wall 
1 )400Kg/Cm2 (Z:5,750 Psi)' 
in wall l)anels
2)600Kg/Cm"2 
(~8,750 Psi)
in slabs 
-
II slab, beam, 
bearing wall, 
wall .panels -
-
III slab, beam, 
wall panel,
bearing wall 
-
1)550Kg/Cm2 
(~8, 000 Psi) 
-
I 
I 
IV beam, girder,
wall panel,
slab, bearing
wall 
- -
I 
I 
I 
V beam, slab, 
girder, Viall 
panel, bearing
wall,' column 
350-400KG/Cm2 
(5,000-5,750
Pail 
-~ .1)yield poin1 
140 t~ 160 
Kg/mm I 
(~200 to 230 I 
Ksi) . 
2)rupture I I I160 to 180 
IKg/mm2 I 
(~230 to 255 
Ksi) I 
VI beam, sleb, 
girder, wall 
panel, bearing 
wall 
500-600KG/Cm2 
(7,000-8,570
Psi) -
-
146 
TABLE IV.2 

CONTINUATION 

No. 
Wel.ght of tlie 
largest unit 
produced 
Kg(Kips} 
Methods of 
connection of 
units 
Cost/un~t area 
Rial~m (S/ft )
for members 
I 6,000 Kg 
(13.2) 
Using anchorage & 
grouting. Con.nect­
ion'with steel bars, 
welding anchor bolts 
or screws. 
-
II 
-
Welding & bolts 
& screws. 
'400-800 Rials/ 
m2($.6/ft2 to 
$1.2/ft 2)
Production: 
300,000 m2/ 
year &3.24 x 
106ft /year} 
III 20,000 Kg 
(44.2) 
5,000 Kg I 
(11.05) j 
t 
l ( 
According to Amer­
ican & European
standards. Connect-
cd like drawers. 
Small beams are 
connected to large 
ones by we1:c1.illg ... 
IV 
-
-
-
500-600 Rials/ 
m2( $ .75/ft2 
to S.9J/ft2)
building cost/ 
m2 is 2 500 
Rials/m2 (83.8
/ft2) 
V 6,000­
10,000 Kg 
(13.2...22.1) 
Connection of pre-
imbedded bars in 
units & pouring 
building coati 
m2 is 555 Rial 
/m2($.85/ft2) 
10,000­ concrete to create 
15,000 Kg unity.
(22.1 ....33.2) 
VI 
-
Connected to c01­
umns &. anchor 
beams. 
-
__._.______ ~----.~---~.- ------..-.---­___.~_I___~~- ________~___ 
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TABLE IV.3 
PARTIAL LIST OF BUILDINGS WHICH HAVE BEEN BUILT IN 
IRAN USING PRECAST PRESTRESSED CONCRETE N~MBERS 
(COMPILED FROM QUESTIONAIRES) 
Area Under 
No. 
Name of Building
and Address 
Name of 
Contractor 
Chief 
Engineer 
Construction 
meter2(ft2) 
~ Iran Natl. Bank 
Shahreza Ave. 
Tehran, Iran 
Teza Kampes­
aka 
1,200m2 
(12,900ft 2) 
~I Mashad Tram 
Station 
Mashad, Iran 
Saman 
Tishan -
5,800m2 t') 
(62,500ft') 
~II
. 
Agr~cultura.l 
Department
Ilzabet Blvd. 
Tehran, Iran 
Third . Farman 
Farmayan 
33,OOOm2 
(356,OOOft2) 
~V J..rj Factory 
Kara~ Road 
Tehran, Iran 
Iran 
Sabeta 
]'arman 
Farmayan 
27,OOOm2 
(291,OOOft 2) 
V Arj Factory
Offices 
Karaj Road 
Tehran, Iran 
Iran 
Sabeta 
I Farman 
Farmayan 
1,600m2 
(17,250ft 2) 
VI Politecknic 
College Jim­
nezium 
Tehran, Iran 
Baraj Esta-Kad 2,40Qm2 
(25,900ft 2) 
VII Saman's 
Buildings 
Tehran, Iran 
Seman Farman 
Fa.rmaya.,.~ 
34,OOOm2 
(366 ,OOOft 2 ): 
~III 
'If 
Sepah Square 
Tehran, Iran 
Hadish-
Rasko 
Emak and 
Farman 
Farmayan 
41,OOOm2 
(443,OOOft 2) 
I 
! 
~X Different 
buildings 
Teza 
-
10,Ooom2 
(108,OOOft 2) 
I 
148 
F'iP.'ure 4.3. Unpt2r Levels of Iran National Bank Build­~~ • 4long, SnaJ.lre za Ave., Te~}.!"·an , Iran. 
Fig~r~ 4c4!.. main Levels of Ira.'1. National Bank Build­
ing, Shahl"ezp., .Ave., ~:ehran, Iran. 
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Fi~l~re 4.~" Saman Building p Ilzabet Ave., 'l'ehran, 
'I:l"'un. 
150 
F~gf.r-.~_ 4.6. Adjoining Towers of Saman Building I1z­ao~, ~ V[] '" Tchr3.n, Iran. t 
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F~~l-lre 4.7., Pront View of Comm\)nica tion Building, S(:p­
all Square t ~rchran, Iran. 
¥!J~re ~~84. Rear View of Communication Building, Sep­
Hi:. Square ~ Tehran, Iran .. 
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Figure 4.9. Close-up of Communication Building, Sepahccro~Z;;:;;-·i7i~hl... a I r-::. ~i"'! .ul ... v ......... c" .l.". ,-:.w..l, _. n ...,,",... 

~.iB~r~~O. Sj.de View of Korosh Department Store, 
Pahl.avi 'A.\rc c, Tehran, Iran. 
Figure '1. 11 ( }t'ront View of Koroeh Department Store,
Pahlavi Ave,., Tehran~ Iran. 
Fi@.rc 4. 12. F'ront Vi e ~ · of Agri cul tu.ral Building,
ITzaDc-tAve., Tehran, Iran. 
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Siri.e View of Agricultural Euild ..i.n g , 11z­
I ran. 
• 

Figure 4...:!.i:.. Aryaxnehr S t adi tun, Teh r an, I r an. 
CHAPTER V 
CONCLUSION 
5. 1 UNITED STATES • 
From the studies of recent developments in the use of 
precast concrete members in the United States, and, consid­
ering the limited scope of this study, the following ob­
servations are made: 
1) A vast variety of precast concrete units for 
buildings are designed and manufactured for different cross­
sections throughout the United States. 
2) The majority of precast concrete units in buildings 
are assembled together by using simple conne,~tions. These 
connections usually employ dowels, clip ru1g1es, steel plates, 
studs or bolts and reinforci.ng bars, lapped or welded. 
3) c:r'here has been great improvement in. the quali'ties 
of sealant material. For example, elastomeric sealants 
behave largely elastic, and are flexible rather than rigid 
at normal service conditions. 
4) In the three case studies conducted in this inves­
tigation, proper planning in desi?n, production, transporta­
tion and erection of members were trie major reasons for cost 
reduction. The total cost of precast concrete structures 
was less than cast-in-place structures, mainly due to the 
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savings in construction time. 
5) The rapid increase in the use of precast concrete 
members is due to repetition of similar members, increase 
in strength and serviceability by prestressing, rapid con­
struction, better quality control, improvement in handling 
and fire resistance qualities. 
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5.2 IRAN 
From the studies of the use of precast concrete mem­
bers in Iran, it may be observed that their u~e has in­
creased rapidly in the last decade. This increase is also 
the result of most of the reasons mentioned pertaining to 
the increase in the United States. Also, since Iran does 
not have a vast supply of wood, steel and concrete are the 
two major construction materials, thus increasing the des­
ireability of precast concrete construction. 
It was also observed that due to the variations in 
climate and the occurrence of distrUctive earthquakes, mat­
erials with high durability, weather resistance and adequate 
ductility are recommended, with proper designing for stron­
ger and more dependable structures. Precast concrete con­
struction with proper shear design appears suitable in the 
areas where stronger and more frequent earthquakes occur. 
This study shows 11hat due to the production of cement, 
and steel reinforcement in excess of recent demands, these 
materials can be used economically in construction. The 
advantages of precast concrete members make them suitable for 
low-cost housing projects. Since structural members can be 
mass produced, the result is fewer forms required and a de­
crease in the total cost. 
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